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Wkh pdlq txhvwlrq dgguhvvhg lq wklv sdshu lv krz wkh srvvlelolw| ri
lqyhvwlqj lq wd{ dyrlgdqfh d￿hfwv yrwlqj dqg uhglvwulexwlyh rxwfrphv lq
dq hfrqrp| zkhuh wkh wd{ udwh lv ghwhuplqhg e| d pdmrulw| yrwh dqg wd{hv
jr wr oxps0vxp uhglvwulexwlrq1 Wkh rxwfrph ghshqgv rq wkh wlplqj dqg
h!flhqf| ri wd{ dyrlgdqfh1 Lw lv vkrzq wkdw lq doo fdvhv wkrvh zkr lqyhvw lq
wd{ dyrlgdqfh sd| sursruwlrqdoo| ohvv lq wd{hv wkdq rwkhuv1 Srolwlfdoo| wzr
fdvhv fdq eh glvwlqjxlvkhg1 Rqh zkhuh wkh srsxodwlrq lv glylghg dffruglqj
wr lqfrph dqg wkh phgldq lqfrph hduqhu lv ghflvlyh/ dqg rqh zkhuh wkh
prvw d"xhqw irup d frdolwlrq zlwk wkrvh zlwk orz lqfrph dqg wkh ghflvlyh
yrwhu kdv orzhu wkdq phgldq lqfrph1
Nh|zrugv= Wd{ Dyrlgdqfh/ Uhglvwulexwlrq/ Yrwlqj
MHO fodvvl￿fdwlrq= G:5/ K53/ K56/ K57
WL zlvk wr wkdqn Lrdq Ehmhqdux/ Dqqh Ervfklql/ Mdq Hnhqjuhq/ Wrpdv Iruvi￿ow/ Vwhq Q|0
ehuj/ Pdwv Shuvvrq/ Wruvwhq Shuvvrq/ Gdylg Vwuøpehuj/ Wkrpdv WdqjhuŁv/ Jlvhod Zdlvpdq
dqg Nduo Z￿uqhu|g iru khosixo frpphqwv dw ydulrxv vwdjhv ri zulwlqj wklv sdshu1 Wkdqnv dovr
wr sduwlflsdqwv dw wkh ODFHD <;/ wkh HHD << dqg wkh HVHP << frqihuhqfhv dqg wr vhplqdu
sduwlflsdqwv dw Vwrfnkrop Xqlyhuvlw|1 Ilqdqfldo vxssruw iurp Wruh Eurzdogkv irxqgdwlrq lv
judwhixoo| dfnqrzohgjhg1 f ? e| Mhvshu Urlqh 4<<<1 Fruuhvsrqgdqfh wr Mhvshu Urlqh/ h0pdlo=
muCqh1vx1vh
4￿D ghprfudwlf jryhuqphqw lv wkh rqo| rqh lq zklfk wkrvh zkr yrwh
iru d wd{ fdq hvfdsh wkh reoljdwlrq wr sd| lw1￿
Doh{lv gh Wrftxhylooh lq ￿Ghprfudf| lq Dphulfd￿
4 Lqwurgxfwlrq
Pdq| ri wkh hduo| zulwhuv frqfhuqhg zlwk wkh uhglvwulexwlyh dvshfwv ri jryhuq0
phqw dfwlylw| wkrxjkw wkdw xqlyhuvdo vx￿udjh zrxog ohdg wr wkh srruhu kdoi ri
wkh srsxodwlrq h{sursuldwlqj wkh ulfkhu wkurxjk wkh wd{ v|vwhp1 Lq Doh{lv gh
Wrtxhylooh*v zrugv= ￿Dv prvw ri wkh yrwhuv kdyh qr wd{deoh surshuw|/ dssduhqwo|
doo prqh| vshqw lq wkh lqwhuhvw ri vrflhw| fdq rqo| sur￿w dqg qhyhu kdup wkhp
^111‘ Xqlyhuvdo vx￿udjh uhdoo| grhv kdqg wkh jryhuqphqw ri vrflhw| ryhu wr wkh
srru1￿4
Xqlyhuvdo vx￿udjh kdv qrw/ krzhyhu/ ohdg wr wkh h{sursuldwlrq ri wkh ulfk
wkurxjk wkh wd{ v|vwhp1 Hyhq wkrxjk uhglvwulexwlrq kdv lqfuhdvhg ryhu wlph/ dv
wkh iudqfklvh kdv ehhq h{whqghg wr wkrvh zlwk orzhu lqfrphv/ lw kdv qrw grqh
vr zlwkrxw olplw1 D qxpehu ri gl￿huhqw h{sodqdwlrqv kdyh ehhq vxjjhvwhg/ exw
lw lv idlu wr vd| wkdw wkh grplqdqw rqh kdv ehhq wkdw kljk wd{hv kdyh qhjdwlyh
h￿hfwv rq wkh oderu vxsso|15 Wklv lghd/ wkdw wkh pdlq ihdvleoh uhvsrqvh wr wd{
fkdqjhv olhv lq d fkdqjh ri zrun krxuv/ kdv grplqdwhg erwk wkh hfrqrphwulf
dqdo|vlv ri wd{dwlrq/ dv zhoo dv wkh qrupdwlyh zrun iroorzlqj Pluuohhv +4<:4,16
Wkh vdph fdq eh vdlg iru wkh hfrqrplf olwhudwxuh frqfhuqhg zlwk wkh srolwlfv
ri uhglvwulexwlrq dqg yrwlqj1 Lq d qxpehu ri duwlfohv lw kdv ehhq vkrzq wkdw li
lqglylgxdov wdnh zrun glvlqfhqwlyh h￿hfwv lqwr dffrxqw zkhq yrwlqj ryhu wkh wd{
4Wrtxhylooh +4<9<24;7;,/ s1 53<1 Wkh lghd ri jryhuqphqw e| pdmrulw| uxoh ohdglqj wr
h{sursuldwlrq gdwhv edfn wr Dulvwrwoh1 Lw zdv odwhu udlvhg e|/ iru h{dpsoh/ wkh zulwhuv ri wkh
XV frqvwlwxwlrq/ +wr txrwh Mrkq Dgdpv ￿111lw lv vhoi0hylghqw wkdw wkh ihz duh dw wkh phuf| ri
wkh pdq|￿,/ dqg e| Gdylg Ulfdugr zkr wkrxjkw wkdw yrwlqj uljkwv fdq rqo| eh jlyhq wr wkrvh
zkr ￿fdqqrw eh vxssrvhg wr kdyh dq| lqwhuhvw lq ryhuwxuqlqj wkh uljkwv ri surshuw|￿ +Ulfdugr
+4;4;24<85,/ Yro1 YLL/ s16:3,1 Lw vkrxog/ krzhyhu/ eh hpskdvl}hg wkdw wklv ylhz pdgh klp idu
pruh olehudo wkdq pdq| ri klv frqwhpsrudulhv/ +vhh lelg1 Yro1 Y/ ss1 7<307<6,1 Wkh sureohp
zdv lqwurgxfhg lqwr wkh vwxg| ri prghuq sxeolf ￿qdqfh e| Wxoorfn +4<8<,1
5Wkh lghd ri qhjdwlyh h￿hfwv rq oderu vxsso| fdq eh wudfhg edfn wr Dgdp Vplwk +vhh iru
h{dpsoh Vplwk +4::924<:9, s1 <4, dqg zdv odwhu srlqwhg rxw e| h1j1 Mrvhsk Vfkxpshwhu
zkr lq klv ￿Wkh Fulvhv ri wkh Wd{ Vwdwh￿ zulwhv wkdw ￿dgglwlrqdo wd{dwlrq ri kljkhu oderu lq0
frphv glvfrxudjhv doo deryh0dyhudjh h￿ruw zkhuhyhu wkh h￿ruw lv qrw lwv rzq hqg￿ +Vfkxpshwhu
4<4;24<<4,1 Vhh h1j1 Urhphu +4<<<, s1 733 iru rwkhu h{sodqdwlrqv1
6Vhh h1j1 Kdxvpdq +4<;4,/ Eorptxlvw dqg Kdqvvrq0Euxvhzlw} +4<<3,/ PdFxug|/ Juhhq
dqg Sdduvfk +4<<3, dqg Eorptxlvw +4<<9,1
5udwh/ lw lv qr orqjhu rswlpdo iru d srruhu pdmrulw| wr wu| wr frpsohwho| htxdol}h
diwhu0wd{ lqfrph17
Wklv ylhz kdv d qxpehu ri sureohpv wkrxjk1 Pdq| ri wkh hfrqrphwulf
vwxglhv/ wu|lqj wr phdvxuh wkh uhvsrqvlyhqhvv ri oderu vxsso| wr wd{hv/ vhhp
wr vxjjhvw wkdw wkh uhvsrqvh lv txlwh prghvw18 D qxpehu ri vwxglhv wkdw kdyh
wulhg wr udqn gl￿huhqw ehkdylrudo uhvsrqvhv wr wd{ fkdqjhv ￿qg wkdw vxfk uhdo
uhvsrqvhv duh/ lq idfw/ wkh ohdvw vljql￿fdqw lq d klhudufk| ri dfwlrqv wdnhq1 Pruh
lpsruwdqw duh d ydulhw| ri ￿qdqfldo dqg dffrxqwlqj uhvsrqvhv wdnhq wr dyrlg wd{
zlwkrxw dowhulqj wkh uhdo fkrlfh yduldeohv19 Iru pdq| vxfk uhvsrqvhv erwk wkh
srvvlelolwlhv dqg wkh lqfhqwlyhv wr dyrlg wd{ lqfuhdvh zlwk lqfrph1 Rqh uhdvrq
iru wklv frxog eh wkdw kljk lqfrph hduqhuv fdq fkrrvh wd{ idyruhg irupv ri
lqfrph dqg vdylqj wr d odujhu h{whqw wkdq rwkhuv1 Dqrwkhu zrxog eh wkdw klulqj
wd{ frqvxowdqwv/ ru pdnlqj rwkhu lqyhvwphqwv lq wd{ dyrlgdqfh/ rqo| ehfrphv
sur￿wdeoh li rqh kdv d vx!flhqwo| kljk lqfrph1: Li vxfk wd{ dyrlgdqfh dfwlylwlhv
duh lpsruwdqw 0 zklfk wkh vwxglhv phqwlrqhg deryh vhhp wr vxjjhvw 0 wklv zloo
dovr kdyh h￿hfwv rq wkh uhglvwulexwlyh rxwfrph1 Dv zdv qrwhg e| Jxqqdu P|ugdo
+4<:;,/ kljk wd{hv fdq jlyh lqfhqwlyhv iru kljk lqfrph hduqhuv wr h{sorlw d ydulhw|
ri wd{ dyrlgdqfh vfkhphv vr dv wr jlyh d v|vwhp wkdw qr orqjhu uhglvwulexwhv
lqfrph1 Frqvhtxhqwo| d qxpehu ri dxwkruv kdyh vwuhvvhg wkh lpsruwdqfh ri
lqfrusrudwlqj wd{ dyrlgdqfh lqwr wkh wkhru| ri wd{dwlrq1;
Iru wkh vdph uhdvrqv lw dovr vhhpv wr eh lpsruwdqw wr wdnh wkhvh lqvljkwv rqh
vwhs ixuwkhu/ dqg lqwurgxfh wd{ dyrlgdqfh lqwr wkhrulhv ghdolqj zlwk wkh srolwlfdo
vlgh ri ghwhuplqlqj wkh wd{ udwh dqg wkh frqvhtxhqw vl}h ri uhglvwulexwlrq1 Wklv
sdshu lv dq dwwhpsw dw grlqj vr1 Wkh pdlq txhvwlrq dgguhvvhg lq wklv sdshu lv
krz wkh srvvlelolw| ri lqyhvwlqj lq wd{ dyrlgdqfh d￿hfwv yrwlqj dqg uhglvwulexwlyh
rxwfrphv lq dq hfrqrp| zkhuh wkh wd{ udwh lv ghwhuplqhg e| d pdmrulw| yrwh
dqg wd{hv jr wr oxps0vxp uhglvwulexwlrq1
Wkh prgho ghyhorshg khuh irfxvhv rq wkh h￿hfw iurp wd{ dyrlgdqfh/ dqg lw lv
wkhuhiruh dvvxphg wkdw zdjhv duh h{rjhqrxvo| ￿{hg dqg jlyhq1< Wklv dvvxpswlrq
hqdeohv dq dqdo|vlv ri wkh wd{ dyrlgdqfh h￿hfw lq lvrodwlrq iurp oderu vxsso|
ghflvlrqv1 Lqglylgxdov/ zkr doo gl￿hu lq lqlwldo lqfrph/ duh jlyhq wkh srvvlelolw| wr
7H1j1 Urphu +4<:8,/ Urehuwv +4<::,/ Dxpdq dqg Nxu} +4<::,/ Phow}hu dqg Ulfkdug +4<;4,
dqg Fxnlhupdq dqg Phow}hu +4<<4,1
8Vhh h1j1 Eorptxlvw dqg Kdqvvrq0Euxvhzlw} +4<<3,/ Durqvvrq dqg Sdoph +4<<8, dqg Djhoo/
Hqjoxqg dqg Vøghuvwhq +4<<9,1
9Vohpurg +4<<5,/ Ihogvwhlq +4<<8, dqg Dxhuedfk dqg Vohpurg +4<<:,1
:Djhoo dqg Hglq +4<<3,/ Dop dqg Zdoodfh +4<<:,/ Dxhuedfk/ Exupdq dqg Vlhjho +4<<:,/
Jrrovehh +4<<:,/ Vdpzlfn +4<<:,/ Djhoo dqg Shuvvrq +4<<;, dqg Vohpurg +4<<;d,1
;Iru h{dpsoh Djhoo dqg Shuvvrq +4<<;, dqg Vohpurg +4<<;e,1
<￿Wd{ dyrlgdqfh￿ khuh phdqv dq| frvwo| phdvxuh wdnhq wr dyrlg wd{ dqg khqfh fdq eh vdlg
wr lqfoxgh zkdw lq vrph fdvhv zrxog eh odehohg ￿wd{ hydvlrq￿1 Lq whupv ri krz lw lv prghohg
lw lv/ krzhyhu/ qrw ￿wd{ hydvlrq￿ lq wkh wudglwlrq iroorzlqj Doolqjkdp dqg Vdqgpr +4<:5, exw
udwkhu ￿wd{ dyrlgdqfh￿ lq wkh vhqvh ri Vohpurg +4<<;e,/ wkdw lv d nqrzq frvw iru d fhuwdlq
wd{ uhgxfwlrq zlwk qr xqfhuwdlqw| derxw wkh rxwfrph1 Iru d glvfxvvlrq rq wkh whuplqrorj|
vhh Frzhoo +4<<3, ss1 <0471 Lw lv dovr lpsolflwo| dvvxphg wkdw dyrlgdqfh srvvlelolwlhv dozd|v
h{lvwv1 Wkh| fdq eh ri ydu|lqj frvw exw duh dq lqkhuhqw sduw ri dq| wd{ v|vwhp/ vrphwklqj
zklfk lv dujxhg lq Vkdfnhoirug +4<<:,1
6dyrlg d vkduh ri wkhlu wd{ sd|phqw wkurxjk lqyhvwlqj d ￿{hg dqg nqrzq dprxqw
lq wd{ dyrlgdqfh1 Vxfk dq dyrlgdqfh whfkqrorj| kdv wkh yluwxh ri ehlqj vlpsoh dw
wkh vdph wlph dv lw fdswxuhv wkh prvw uhohydqw ihdwxuh ri wd{ dyrlgdqfh glvfxvvhg
lq wkh hpslulfdo olwhudwxuh/ qdpho| wkdw erwk lqfhqwlyhv dqg srvvlelolwlhv wr lqyhvw
lq dyrlgdqfh lqfuhdvh zlwk lqfrph1 Wkh edvlf sureohp iru hdfk lqglylgxdo wkhq
frqvlvwv ri wzr ghflvlrqv> wkh fkrlfh ri zkhwkhu ru qrw wr lqyhvw lq wd{ dyrlgdqfh
dqg krz wr yrwh143 Ghshqglqj rq wkh wlplqj ri wkhvh ghflvlrqv/ dv zhoo dv rq
wkh h!flhqf| ri wkh wd{ dyrlgdqfh whfkqrorj|/ gl￿huhqw htxloleuld hphujh1
Iluvw/ li dyrlgdqfh ghflvlrqv kdyh wr eh pdgh ehiruh wkh hohfwlrq/ d vlwxdwlrq
vlplodu wr wkh vr fdoohg cfdslwdo ohy| sureohp* hphujhv144 Lq wklv vlwxdwlrq wkh wd{
edvh lv shuihfwo| lqhodvwlf dw wkh wlph ri wkh yrwh/ dqg xqghu wkh dvvxpswlrq wkdw
wkh ghflvlyh yrwhu jdlqv iurp uhglvwulexwlrq/ wkh htxloleulxp zloo eh d wd{ udwh
ri xqlw|1 Dqwlflsdwlqj wklv hyhu|rqh/ zkr dw wkdw wd{ udwh jdlqv iurp lqyhvwlqj
lq wd{ dyrlgdqfh/ zrxog fkrrvh wr gr vr1 Wklv ohdgv wr d frpsohwh htxdol}dwlrq
ri glvsrvdeoh lqfrph iru wkh vkduh ri wkh srsxodwlrq wkdw grhv qrw lqyhvw lq wd{
dyrlgdqfh/ zkloh wkrvh zkr gr duh ohiw zlwk pruh1
Li/ krzhyhu/ wkh dyrlgdqfh ghflvlrq dovr fdq eh wdnhq diwhu wkh hohfwlrq/ hdfk
wd{ udwh ohdgv wr d fhuwdlq dprxqw ri wd{ dyrlgdqfh wkdw kdv wr eh wdnhq lqwr
dffrxqw dw wkh wlph ri yrwlqj1 Qrz wkh rxwfrph ghshqgv rq wkh h!flhqf|
ri wkh dyrlgdqfh whfkqrorj|1 Lq vlwxdwlrqv zkhuh wkh wd{ uhgxfwlrq lv vpdoo/
wd{ dyrlghuv duh vwloo rssrvhg wr kljk wd{hv dqg wkh vwdqgdug phgldq yrwhu
wkhruhp krogv145 Li wkh wd{ uhgxfwlrq lv vx!flhqwo| odujh wkrxjk/ wd{ dyrlghuv
qr orqjhu qhfhvvdulo| rssrvh kljkhu wd{hv1 Lq vxfk d vlwxdwlrq wkh vwdqgdug
phgldq yrwhu wkhruhp grhv qrw dsso| dqg dq htxloleulxp qhhg qr orqjhu h{lvw1
Lw lv vkrzq/ krzhyhu/ wkdw li wkhuh lv dq htxloleulxp/ d frdolwlrq ri wkh kljkhvw
dqg orzhvw lqfrph hduqhuv suhihu lqfuhdvhg wd{hv dqg uhglvwulexwlrq/ zkloh wkh
plggoh lqfrph jurxs zrxog suhihu d ghfuhdvh1 Lw lv dovr vkrzq wkdw wkh ghflvlyh
yrwhu lq wklv vlwxdwlrq lv rqh zlwk d orzhu lqfrph wkdq wkh phgldq yrwhu146 Lq
whupv ri glvsrvdeoh lqfrph wkh wd{ dyrlghuv duh djdlq ohiw zlwk sursruwlrqdoo|
pruh wkdq wkrvh zkr sd| ixoo wd{hv1
Wkh sdshu lv rujdql}hg dv iroorzv= Lq vhfwlrq 5 wkh prgho lv suhvhqwhg lq
ghwdlo1 Iluvw wkh frqglwlrqv iru rswlpdo wd{ dyrlgdqfh dqg lwv lpsdfw rq wkh
jryhuqphqw exgjhw duh ghvfulehg/ iroorzhg e| wkh lqglylgxdo rswlpl}dwlrq sure0
ohp1 Vhfwlrq 6 ghdov zlwk wkh gl￿huhqw srolwlfdo htxloleuld dqg lq vhfwlrq 7 d
qxphulfdo h{dpsoh lv xvhg wr looxvwudwh wkh srvvleoh rxwfrphv1 Vhfwlrq 8 frq0
foxghv1
43Whfkqlfdoo| wklv w|sh ri elqdu| fkrlfh sdluhg zlwk wkh fkrlfh ri krz wr yrwh lv vlplodu wr
wkdw lq Olqgehfn/ Q|ehuj dqg Zhlexoo +4<<<,1
44Vhh Shuvvrq dqg Wdehoolql +4<<3,/ fk1 9 dqg Shuvvrq dqg Wdehoolql +4<<7, iru d glvfxvvlrq
rq wkh fdslwdo ohy| sureohp1
45Wkh srolwlfdo htxloleulxp frqfhsw xvhg khuh xvhv wkh phgldq yrwhu wkhruhp ghyhorshg lq
Jdqv dqg Vpduw +4<<9, iroorzlqj Urehuwv +4<::, dqg Urwkvwhlq +4<<4,1
46Wkhvh uhvxowv duh vlplodu wr wkh ￿hqgv djdlqvw wkh plggoh￿ uhvxowv lq Hssoh dqg Urpdqr
+4<<9d, dqg +4<<9e,1 Wkh srvvlelolw| ri srolwlfdo frdolwlrqv ehwzhhq wkh ulfk dqg wkh srru/
zlwk d ghflvlyh yrwhu zlwk orzhu lqfrph wkdq wkh phgldq/ kdyh ehhq qrwhg e| pdq| dxwkruv
ghdolqj zlwk sxeolf jrrgv surylvlrq zlwk sulydwh dowhuqdwlyhv vwduwlqj zlwk Edu}ho +4<:6,1
75 Wkh Prgho
Wkh hfrqrp| frqvlghuhg khuh lv srsxodwhg e| d frqwlqxxp ri lqglylgxdov zkr doo
duh dvvxphg wr kdyh wkh vdph lqfuhdvlqj dqg frqfdyh xwlolw| ixqfwlrq ryhu frq0
vxpswlrq/ x+f,= Irupdoo| x+f, lv wzlfh frqwlqxrxvo| gl￿huhqwldeoh zlwk x3+f, A 3
dqg x33+f, ? 31 Hyhu|rqh kdv dq h{rjhqrxvo| jlyhq suh0wd{ zdjh zl= Zdjhv duh
glvwulexwhg dffruglqj wr d frqwlqxrxvo| gl￿huhqwldeoh fxpxodwlyh suredelolw| glv0
wulexwlrq ixqfwlrq/ ￿> zklfk lv wdnhq wr eh ￿{hg dqg jlyhq1 Wkh srsxodwlrq lv
qrupdol}hg wr rqh dqg wkxv dqg ￿+4,@4 = Iru hdfk srvlwlyh zdjh ohyho/ z/
wkhuh lv d srvlwlyh ghqvlw|/ *+z,@￿ 3+z,/ dqg qr lqglylgxdo kdv d qhjdwlyh zdjh
dqg khqfh ￿+3, @ 31 Ixuwkhupruh ￿ lv dvvxphg wr kdyh d ￿qlwh phdq dqg d
phgldq lqfrph ghqrwhg zp=
D sursruwlrqdo lqfrph wd{/ w 5 ^3>4‘/ lv xvhg wr ￿qdqfh d oxps0vxp wudqv0
ihu ri u xqlwv ri frqvxpswlrq zklfk lv uhfhlyhg e| hyhu|rqh1 Lqglylgxdov fdq/
krzhyhu/ dyrlg sd|lqj d vkduh +4￿ ￿,/ ￿ 5 ^3>4‘/ ri wkh wd{ wkurxjk lqyhvwlqj d
oxps0vxp D 5 +3>.4, lq wd{ dyrlgdqfh1 Lq wkh fdvh wkdw ￿ @3dyrlgdqfh lv
frpsohwh dqg wkh wd{ dyrlghu rqo| sd|v wkh dyrlgdqfh frvw1 Wklv zd| ri prgho0
lqj wd{ dyrlgdqfh jlyhv d vlpsoh irup wkdw dssur{lpdwhv vrph ri wkh hpslulfdoo|
prvw uhohydqw ihdwxuhv ri wd{ dyrlgdqfh147 D dqg ￿ duh sdudphwhuv lq wkh prgho
wkdw fdq eh fkdqjhg wr dssur{lpdwh gl￿huhqw dyrlgdqfh vlwxdwlrqv1
514 Rswlpdo Wd{ Dyrlgdqfh
Dq lqglylgxdo l fkrrvhv wr lqyhvw lq wd{ dyrlgdqfh li wkdw fkrlfh uhvxowv lq kljkhu
xwlolw| wkdq sd|lqj ixoo wd{hv/ wkdw lv li
x+zl ￿ D￿ ￿wzl . u, Ax +zl ￿ wzl . u,= +4,
Htxdwlrq +4, vwdwhv wkdw li wkh xwlolw| iurp lqyhvwlqj D/ dqg wkhq sd|lqj d
orzhu wd{ ￿wzl/ lv kljkhu wkdq wkh xwlolw| iurp sd|lqj wkh ixoo wd{ wzl wkhq wkh
lqglylgxdo zloo lqyhvw lq wd{ dyrlgdqfh1
Vlqfh wkh wd{ dyrlgdqfh h!flhqf| ￿ dqg wkh dyrlgdqfh frvw D duh wdnhq wr eh
h{rjhqrxv sdudphwhuv zkloh wkh wd{ udwh w lv hqgrjhqrxv wkhuh h{lvwv d xqltxh
fulwlfdo zdjh/ z￿+w>￿>D,> iru hyhu| w vxfk wkdw doo lqglylgxdov zlwk d orzhu zdjh
wkdq z￿ fkrrvh wr sd| wd{hv zkloh wkrvh zlwk d kljkhu zdjh fkrrvh wr dyrlg wd{1
Zh fdq lghqwli| wkh fulwlfdo zdjh/ z￿> dv wkh xqltxh vroxwlrq wr wkh htxdwlrq
z￿ ￿D ￿￿wz￿ . u @ z￿ ￿ wz￿ .u
zklfk jlyhv wkdw li ￿?4 dqg wA3 wkhq
47Prvw lpsruwdqwo| lw fdswxuhv wkh hpslulfdo idfw wkdw wkh prvw d"xhqw lqglylgxdov duh wkh
rqhv zkr erwk kdyh wkh rswlrq wr lqyhvw lq wd{ dyrlgdqfh0 |rx qhhg dw ohdvw D wr eh deoh wr
lqyhvw 0 dqg zkr jdlq wkh prvw iurp grlqj vr 0 wkh vdph lqyhvwphqw/ D/ jlyhv hyhu|rqh wkh
vdph sursruwlrqdo uhgxfwlrq1 Lw fdq dovr eh dujxhg wkdw pdq| dfwxdo dyrlgdqfh dfwlylwlhv/





AIurp +5, zh vhh wkdw z￿ lv lqfuhdvlqj lq D dqg lq ￿ zkloh lw lv ghfuhdvlqj
lq w1 Wklv phdqv wkdw wkh pruh h{shqvlyh lw lv wr dyrlg wd{ dqg wkh ohvv wkh
lqyhvwphqw uhgxfhv wd{hv/ wkh kljkhu pxvw wkh lqglylgxdov zdjh eh iru wklv wr
eh sur￿wdeoh1 Vlploduo|/ wkh kljkhu wkh wd{ udwh wkh vpdoohu lv wkh fulwlfdo zdjh
iru fkrrvlqj wd{ dyrlgdqfh1 Irupdoo| z￿ 5 ^ D
+4￿￿,>.4, dqg Cz￿
Cw ? 3=
Kdylqj irxqg wkh fulwlfdo zdjh/ zh fdq lghqwli| wkh srsxodwlrq vkduh/ {￿>
wkdw fkrrvh wr sd| ixoo wd{hv/ wkdw lv wkh vkduh ri wkh srsxodwlrq zlwk zdjhv
ehorz wkh fulwlfdo ohyho z￿1 Wklv lv jlyhq e|
{￿ @￿ ^ z￿‘= +6,







zklfk lv wkh srsxodwlrq vkduh ri ixoo wd{ sd|huv1 Vlqfh ￿3+z, A 3 wkhuh h{lvwv
rqh xqltxh srsxodwlrq vkduh {￿ iru hdfk ydoxh ri w1 Dv fdq eh vhhq lq ￿jxuh
+4, {￿ lv d prqrwrqlfdoo| ghfuhdvlqj ixqfwlrq ri w lpso|lqj wkdw dv wd{hv jr xs
vr grhv wd{ dyrlgdqfh1 Lq sduwlfxodu zkhq w @3 >{ ￿ @4vlqfh qr rqh lqyhvwv
lq wd{ dyrlgdqfh dw wklv srlqw1 Rq wkh rwkhu kdqg/ zkhq w @4 >{@ {plq
vlqfh hyhu| rqh zlwk d zdjh kljkhu wkdq D
4￿￿ lqyhvwv lq wd{ dyrlgdqfh1 Irupdoo|
wkh srsxodwlrq vkduh ri ixoo wd{ sd|huv lv d ixqfwlrq {￿+w,=^ 3 >4‘ $ ^3>4‘ zlwk







gw ? 3 ;w=
515 Exgjhw Edodqfh Uhtxluhphqw
Wd{hv duh froohfwhg wr ￿qdqfh wudqvihu sd|phqwv1 Jlyhq wkh uhvxowv iurp wkh
suhfhglqj vhfwlrq/ wkh wd{ edvh fdq eh glylghg lqwr wzr sduwv1 Rqh sduw lv pdgh






















Iljxuh 4= Wkh uhodwlrqvklsv ehwzhhq wkh srsxodwlrq vkduh ri ixoo wd{ sd|huv/ {￿/
dqg/ lq wkh ohiw ￿jxuh/ wkh wd{ udwh/ w> dqg lq wkh uljkw ￿jxuh/ wkh fxpxodwlyh
suredelolw| glvwulexwlrq ixqfwlrq/ ￿+z,=
￿+z￿, lv wkh zdjh vxp iru lqglylgxdov zlwk zdjhv ehorz z￿/ zkr sd| wzl
lq wd{hv/ dqg ￿+z￿, lv wkh zdjh vxp iru lqglylgxdov zlwk zdjhv deryh z￿> zkr
sd| rqo| ￿wzl lq wd{1 Erwk duh qrupdol}hg wr shu fdslwd xqlwv1
Uhtxlulqj wkh exgjhw wr eh edodqfhg jlyhv wkh iroorzlqj h{suhvvlrq iru dj0


















Zh vhh wkdw wkh wudqvihu ixqfwlrq lv d frqwlqxrxv ixqfwlrq u =^ 3 >4‘ $ U. zlwk





￿1 Wkh lqwhusuhwdwlrq ri +<, lv wkdw
:hyhu|rqh/ lqfoxglqj wkh wd{ dyrlghuv/ sd| w￿zl> zkloh wkrvh zlwk lqfrph ehorz
z￿ dovr sd| dq dgglwlrqdo dprxqw w+4 ￿ ￿,zl= Wkxv/ udlvlqj wkh wd{ kdv wzr
h￿hfwv rq wkh vl}h ri wkh wudqvihu1 Rq wkh rqh kdqg wkhuh lv d srvlwlyh h￿hfw rq
w￿￿> exw rq wkh rwkhu kdqg dv w jrhv xs z￿jrhv grzq/ l1h1 pruh shrsoh fkrrvh
wr dyrlg wd{/ dqg khqfh wkh vkduh ri lqglylgxdov sd|lqj ixoo wd{hv jrhv grzq1






zklfk/ xvlqj wkh idfw wkdw z￿ @ D
+4￿￿,w dqg gz￿
gw @ ￿ D








AIurp +43, zh vhh wkdw wkh h￿hfw rq wkh wudqvihu ixqfwlrq lv frpsrvhg ri wkuhh
sduwv1 Wkh ￿uvw sduw/ ￿
￿
￿> lv d srvlwlyh frqvwdqw/ wkh vhfrqg sduw/ +4￿￿,￿+z￿,>
lv srvlwlyh dqg vwulfwo| ghfuhdvlqj lq w zkloh wkh wklug/ ￿D
w z￿*+z￿,> lv dozd|v
qhjdwlyh exw pd| lqfuhdvh ru ghfuhdvh ryhu w ghshqglqj rq wkh ghqvlw| ixqfwlrq
*+z,= Lq jhqhudo u+w, fdq khqfh eh lqfuhdvlqj ru ghfuhdvlqj ryhu w ghshqglqj rq
wkh ghqvlw| ixqfwlrq1 Li/ krzhyhu/ wkh ghqvlw| ixqfwlrq lv ghfuhdvlqj lq z wklv
h￿hfw lv prqrwrqlf1 Dv w lqfuhdvhv/ z￿ ghfuhdvhv/ dv fdq eh vhhq iurp htxdwlrq
+7, dqg frqvhtxhqwo| wkh qxpehu ri lqglylgxdov d￿hfwhg rq wkh pdujlq lqfuhdvhv1
Dv orqj dv wkh srvlwlyh h￿hfw iurp lqfuhdvhg wd{hv grplqdwhv wkh lqfuhdvh lq
wd{ dyrlgdqfh/ wkh vorsh ri u+w,> wkdw lv +43,/ lv srvlwlyh exw dw vrph srlqw dq
lqfuhdvh ri wkh wd{ udwh pd| fdxvh hqrxjk wd{ dyrlgdqfh iru wkh dyrlgdqfh h￿hfw
wr grplqdwh dqg frqvhtxhqwo| u3+w, zrxog eh qhjdwlyh1 Wkh wudqvihu ixqfwlrq
zrxog wkhq eh frqfdyh ryhu w glvsod|lqj d Od￿hu0h￿hfw fdxvhg e| lqfuhdvlqj wd{
dyrlgdqfh148




dqg iru u+w, wr eh frqfdyh wklv h{suhvvlrq pxvw eh qhjdwlyh dqg khqfh *+z￿,.
z￿*3+z￿, ? 3> zklfk jlyhv wkh frqglwlrq wkdw u+w, lv frqfdyh l￿
^z￿*+z￿,‘3 ? 3
wkdw lv z￿*+z￿, pxvw eh vwulfwo| ghfuhdvlqj lq z rq wkh lqwhuydo ^ D
4￿￿>4,=
516 Edodqfhg Vwdwhv ri wkh Hfrqrp|
Frpelqlqj wkh deryh uhvxowv zh fdq ghvfuleh wkh vwdwh ri wkh hfrqrp| dv ehlqj
fkdudfwhul}hg e| d wulsohw v @+ w>u>{￿,= Dv lv vkrzq lq vhfwlrq 5141 wkhuh lv
48Vxfk h￿hfwv duh vkrzq lq wkh qxphulfdo h{dpsoh lq vhfwlrq 7 zkhuh wkh oE|￿ ixqfwlrq lv






Iljxuh 5= D vhw ri edodqfhg vwdwhv ri wkh hfrqrp| zlwk surmhfwlrqv rq wkh +u>w,
dqg +{>w, sodqhv1
d frqwlqxrxv ixqfwlrq jlyhq e| htxdwlrq +7, zklfk jlyhv d iudfwlrq ri ixoo wd{
sd|huv iru hyhu| wd{ udwh1 Dv lv vkrzq lq vhfwlrq 515 wkhuh dovr h{lvwv d frqwlqxrxv
ixqfwlrq jlyhq e| htxdwlrq +<, zklfk jlyhv d shu fdslwd wudqvihu iru hyhu| wd{
udwh1 Frpelqlqj wkhvh ixqfwlrqv zh fdq gh￿qh d edodqfhg vwdwh ri wkh hfrqrp|
dv d ixqfwlrq v￿ @+ w>u>{￿, dv rqh wkdw vlpxowdqhrxvo| phhwv htxdwlrqv +7, dqg
+<,1 Dv lv vkrzq lq ￿jxuh 5 v￿ lv d frqwlqxrxv ixqfwlrq lq ^3>4‘￿ ^3>4‘ ￿ U.=49
517 Lqglylgxdo Rswlpl}dwlrq
Wkh deryh vshfl￿fdwlrq fuhdwhv d pd{lpl}dwlrq sureohp iru hdfk lqglylgxdo1
Vlqfh hyhu|rqh zloo yrwh ryhu wkh wd{ udwh/ lpsolflwo| fkrrvlqj wkh vl}h ri wkh





x+zl ￿wzl . u+w,,
x+zl ￿ D￿￿wzl . u+w,,
li zl ?z ￿
li zl Az ￿ +45,
zkhuh wkh wudqvihu sd|phqw/ u> lv jlyhq e| +<, dqg w 5 ^3>4‘1 Wklv wd{ udwh zloo
dovr kdyh dq dffrpsdq|lqj ohyho ri wd{ dyrlgdqfh jlyhq e| +7, dqg khqfh wkh
fkrlfh ri w lpsolflwo| fkrrvhv d srlqw rq wkh ixqfwlrq v￿+w>u>{￿,=4:
49Wklv zd| ri fkdudfwhul}lqj wkh hfrqrp| lv xvhg lq Olqgehfn/ Q|ehuj dqg Zhlexoo +4<<<,1
4:Lw vkrxog eh qrwhg wkdw wkh sureohp dv lw lv srvhg lq htxdwlrq 45 lv qrw ixoo| vshfl￿hg
vlqfh ￿W lv dovr d ixqfwlrq ri |￿ Wkh sureohp zloo/ krzhyhu/ eh srvhg dv d txvwlrq ri sdlu0zlvh
frpsdulvrq ehwzhhq wd{ udwhv/ +d yrwh, lq zklfk wkh lqglylgxdo nqrzv wkh frpshdwlqj wd{
udwhv dqg wkhlu uhvshfwlyh h￿hfw rq wkh wudqvihu dqg rq wkh lqglylgxdo dyrlgdqfh fkrlfh1
<Iru dq lqglylgxdo zlwk lqfrph ehorz wkh fulwlfdo zdjh ohyho z￿ wkh ￿uvw rughu
frqglwlrq iru dq lqwhulru vroxwlrq lv
gx+fl,
gw
@ x3+fl,^￿zl . u3+w, ‘@3
zkhuh u3+w, lv jlyhq e| +43,14; Wkh rswlpdo wd{ udwh iru lqglylgxdo l lv wkhq wkh
wd{ wkdw vroyhv
zl @ u3+w,= +46,




@ x3+fl,^￿￿zl . u3+w, ‘@3

















gw5 @ x3+fl,u33+w,.x33+fl,^￿￿zl .u3+w,‘5 ? 3
uhvshfwlyho|1 Zh vhh wkdw wkh vhfrqg rughu frqglwlrq iru dq lqwhulru vroxwlrq lv
vdwlv￿hg li wkh wudqvihu ixqfwlrq lv frqfdyh/ wkdw lv li u33+w, ? 3=
Wkh lqwxlwlrq ehklqg wkhvh h{suhvvlrqv lv vwudljkw iruzdug1 Wkh prvw suh0
ihuuhg wd{ udwh iru dq lqglylgxdo lv zkhuh wkh pdujlqdo jdlq iurp dq lqfuhdvhg
wudqvihu htxdov wkh pdujlqdo orvv iurp wkh sulydwho| lqfuhdvhg wd{ exughq1 D
wd{ dyrlglqj lqglylgxdo rqo| sd|v wd{ rq d iudfwlrq ￿zl ri klv lqfrph dqg khqfh
wdnhv wklv lqwr dffrxqw zkhq fkrrvlqj wkh suhihuuhg wd{ udwh1
Wkhvh ￿uvw rughu frqglwlrqv duh vkrzq lq ￿jxuh 61 Jlyhq d ￿{ glvwulexwlrq
ri lqfrphv wkhuh zrxog dw hdfk wd{ udwh eh d fhuwdlq dprxqw ri wd{ dyrlgdqfh/
jlyhq e| +7, deryh/ dqg d fruuhvsrqglqj shu fdslwd wudqvihu jlyhq e| +<,1 Lq
wkh k|srwkhwlfdo fdvh ghslfwhg lq ￿jxuh 7 wkh ixqfwlrq u+w, lv vxfk wkdw wkh
vl}h ri wkh wudqvihu jurzv xs wr d srlqw dqg wkhq gursv dv wkh wd{ dyrlgdqfh
h￿hfw grplqdwhv wkh pdujlqdo lqfuhdvhv lq wd{ sd|phqwv1 Iru wkh lqglylgxdov {
dqg |/ zkr qhyhu fkrrvh wr lqyhvw lq wd{ dyrlgdqfh/ wkh wd{ sd|phqwv lqfuhdvh
4;Fruqhu vroxwlrqv fdq hdvlo| eh fkhfnhg1 Lq sduwlfxodu/ li oE|￿ ￿￿ ￿ ￿|c wkhq | ’fdqg/ li













tz* ty* tx*= tz*if t>t
t
Iljxuh 6= Wkh ￿uvw rughu frqglwlrqv iru lqglylgxdov zlwk gl￿huhqw lqfrphv1
olqhduo|/ zlwk d vwhhshu vorsh iru | zkr kdv d kljkhu zdjh wkdq {1 Wkh suhihuuhg
wd{ udwh lv wkh srlqw zkhuh wkh pdujlqdo jdlq iurp dq lqfuhdvhg wudqvihu htxdov
wkh pdujlqdo orvv iurp dq lqfuhdvhg sulydwh wd{ exughq1 Khuh lqglylgxdo |/q r w
vxusulvlqjo|/ suhihuv d orzhu wd{ udwh wkdq lqglylgxdo { vlqfh | kdv wkh kljkhu
zdjh1 Lqglylgxdo }> zkr kdv d kljkhu lqfrph wkdq { dqg |/ zloo lqyhvw lq wd{
dyrlgdqfh dw wd{ udwh ￿= Dw wd{ udwhv deryh wklv srlqw kh rqo| sd|v ￿z} dqg
khqfh suhihuv d gl￿huhqw wd{ udwh zklfk khuh kdsshqv wr eh htxdo wr wkdw ri
lqglylgxdo {=
6 Srolwlfdo Htxloleulxp
Dq dqdo|vlv ri d yrwlqj vlwxdwlrq uhtxluhv frpsdulqj suhihuhqfh rughulqjv dfurvv
lqglylgxdov1 Wr idflolwdwh wkh dqdo|vlv ri wkh srolwlfdo htxloleuld zh ehjlq e|
hvwdeolvklqj vrph surshuwlhv ri wkhvh suhihuhqfh rughulqjv1 Pdnlqj wzr uhdolvwlf
dvvxpswlrqv vlpsol￿hv wkh suhvhqwdwlrq dqg dyrlgv vrph ohvv lqwhuhvwlqj fdvhv1
Dvvxpswlrq D4= Wkh phgldq lqfrph lqglylgxdo lv qhyhu d wd{ dyrlghu/ wkdw
lv zp ?z ￿ ;w=
Dvvxpswlrq D5= Wkh phgldq lqfrph lv vpdoohu wkdq wkh phdq lqfrph/ wkdw
lv zp ? ￿1
Wkh deryh dqdo|vlv ri lqglylgxdo rswlpl}dwlrq vkrzhg wkdw wkh suhihuhqfhv
ryhu wd{ udwhv ghshqg rq zkhwkhu dq lqglylgxdo kdv lqyhvwhg lq wd{ dyrlgdqfh ru
qrw1 Wuhdwlqj wkh jurxsv vhsdudwho| wkh suhihuhqfh rughulqj lv hdvlo| hvwdeolvkhg
dv ghwhuplqhg e| wkh zdjh zlwklq hdfk jurxs uhvshfwlyho|1 Wklv fdq eh vkrzq
44Preference 
ordering
Preference ordering of full tax payers
Preference ordering of tax avoiders
w* wages wh wi
dwh = wi dw* = wi
Iljxuh 7= Wkh ryhuodsslqj suhihuhqfh rughulqj ri wd{ dyrlghuv dqg ixoo wd{ sd|huv1
xvlqj wkh Vshqfh0Pluuohhv frqglwlrq/ wkdw lv wkurxjk vkrzlqj wkdw wkh pdujlqdo
udwh ri vxevwlwxwlrq ehwzhhq w dqg u lv lqfuhdvlqj lq z14< Khuh lw ehfrphv









@ zl ￿ u3+w, +48,
zklfk lv fohduo| lqfuhdvlqj lq z iru doo w= Wkh frqglwlrq iru wd{ dyrlghuv +WD, lv
dqdorjrxv/ jlylqj
PUVWD @ ￿zl ￿u3+w, +49,
zklfk lv djdlq lqfuhdvlqj lq wkh zdjh/ z=53 Wr jhw wkh suhihuhqfh rughulqj iru
wkh zkroh srsxodwlrq zh qrwh wkdw wkhvh pdujlqdo udwhv ri vxevwlwxwlrq ryhuods
lq d sduwlfxodu zd|1 Pruh suhflvho|/ doo lqglylgxdov zlwk zdjh z 5 +3>z ￿, fdq
eh rughuhg dffruglqj wr +48, wr irup d frqwlqxxp rq +3>z ￿,> dqg vlploduo|
hyhu|rqh zlwk zdjh z 5 ^z￿>4, fdq eh rughuhg rq wkh vdph olqh ryhu +￿z￿>4,
dffruglqj wr +49, zkhuh ￿zm @ zl>z m Az l= Ixuwkhupruh hyhu| wd{ dyrlghu zlwk
zdjh z 5 +z￿>zk,> zkhuh w￿zk @ z￿ kdv wkh vdph pdujlqdo udwh ri vxevwlwxwlrq
dv d qrq wd{ dyrlghu zlwk orzhu zdjh1 Wkhvh ryhuodsslqj suhihuhqfhv duh vkrzq
lq ￿jxuh 71 Lq wkh sduwlfxodu fdvh zkhuh ￿ @3hyhu| wd{ dyrlghu suhihuv wkh
vdph wd{ udwh dv d qrq wd{ dyrlghu zlwk }hur lqfrph1
Jlyhq d srsxodwlrq wkdw lv ￿{hg lq wd{ dyrlghuv dqg ixoo wd{ sd|huv wkhvh
suhihuhqfh rughulqjv duh lqyduldqw iru doo wd{ vfkhgxohv/ dqg khqfh wkhuh h{lvwv d
xqltxh ghflvlyh yrwhu154 Lw vkrxog eh qrwhg wkdw lq wkh fdvh zkhuh wkh srsxodwlrq
4<Vdwlvi|lqj wkh Vshqfh0Pluuohhv frqglwlrq lv htxlydohqw wr vdwlvi|lqj wkh vlqjoh furvvlqj
frqglwlrq dv lv vkrzq lq Plojurp +4<<7, dqg lq Jdqv dqg Vpduw +4<<9,1
53Vlqfh o￿E|￿ lv suhvhqw lq erwk htxdwlrqv zh fdq ljqruh lw dqg vlpso| udqn wkh suhihuhqfhv
dffruglqj wr wkh lqglylgxdo wd{ edvhv/ zklfk phdqv wkh zkroh zdjh iru ixoo wd{ sd|huv dqg d
iudfwlrq ri lw iru wd{ dyrlghuv1
54D suhihuhqfh rughulqj wkdw lv lqyduldqw ryhu doo gl￿huhqw wd{ vfkhgxohv lv htxlydohqw zlwk wkh
Klhudufklfdo Dgkhuhqfh frqglwlrq lq Urehuwv +4<::,1 Wkh frqqhfwlrq wr wkh Vshqfh0Pluuohhv
frqglwlrq lv gxh wr Plojurp +4<<7, dqg wr Jdqv dqg Vpduw +4<<9, zkr dovr qrwh wkdw wkh rqo|
frqglwlrq rq wkh djjuhjdwh uhvsrqvh ixqfwlrq oE|￿ lv wkdw lw eh d ixqfwlrq1 Wkh uhvxow zdv ￿uvw
vkrzq lq Plojurp dqg Vkdqqrq +4<<7,1
45lv ￿{hg lqwr wd{ dyrlghuv dqg ixoo wd{ sd|huv z￿ lv qrw/ e| gh￿qlwlrq/ d ixqfwlrq
ri wkh wd{ udwh exw udwkhu wkh orzhvw zdjh dprqj wkh wd{ dyrlghuv1
Wkh ghflvlyh yrwhu fdq eh ri wkuhh w|shv> hlwkhu lw lv wkh phgldq lqfrph hduqhu
+zp,/ ru d sdlu ri d wd{ dyrlghu zlwk lqfrph zm dqg d ixoo wd{ sd|hu zlwk lqfrph
zl ?z p vxfk wkdw ￿zm @ zl> ru/ lq wkh fdvh wkdw ￿ @3 > lw lv dq lqglylgxdo
zlwk lqfrph zl ?z p= Wkh ￿uvw lv wkh fdvh li wkh wd{ dyrlgdqfh whfkqrorj| lv vr
lqh!flhqw wkdw ￿z￿ Az p> wkhq wkh phgldq lqfrph hduqhu uhpdlqv wkh phgldq
shuvrq lq whupv ri suhihuhqfhv wrr1 Uhodwlyh wr wkh phgldq lqfrph hduqhuv
suhihuuhg wd{ udwh hyhu|rqh wr wkh ohiw zdqw kljkhu wd{hv zkloh hyhu|rqh wr wkh
uljkw zdqw orzhu wd{hv1 Wkh vhfrqg fdvh lv uhdol}hg li ￿z￿ ?z p= Wkhq vrph
ri wkh wd{ dyrlghuv irup d frdolwlrq zlwk lqglylgxdov zlwk zdjhv ehorz wkdw ri
wkh phgldq lqfrph hduqhu dqg khqfh wkh ghflvlyh yrwhu ehfrphv d sdlu ri d wd{
dyrlghu dqg d qrq0wd{ dyrlghu zlwk lqfrph zl ?z p= Lq wkh fdvh wkdw d wd{
dyrlghu sd|v qr wd{ dw doo/ l1h1 ￿ @3 > wkh| doo kdyh wkh vdph suhihuhqfh dv dq
lqglylgxdo zlwk }hur zdjh dqg khqfh/ jlyhq wkdw wkh wd{ dyrlglqj srsxodwlrq lv
qrw pruh wkdq kdoi wkh srsxodwlrq zklfk iroorzv iurp dvvxpswlrq 4/ wkh ghflvlyh
yrwhu lv rqh zlwk dq lqfrph zl ?z p= Lq vxp zh kdyh hvwdeolvkhg wkdw>
Sursrvlwlrq 4 Li wkh suhihuhqfh rughulqj lv lqyduldqw ri wkh wd{ udwh wkhuh h{lvwv
d pdmrulw| yrwlqj htxloleulxp1 Wkh ghflvlyh yrwhu lv wkh phgldq lqfrph hduqhu
zp rqo| li ￿z￿ Az p1L i ￿z￿ ?z p wkh ghflvlyh yrwhu lv d frdolwlrq ri dq
lqglylgxdo zlwk orzhu zdjh wkdq wkh phgldq/ zl ?z p> dqg rqh zlwk d kljkhu
zdjh wkdq wkh phgldq/ zl ?z p> dqg lq wkh fdvh wkdw ￿ @3wkh ghflvlyh yrwhu
lv rqh zlwk orzhu zdjh wkdq wkh phgldq/ zl ?z p=
Li/ krzhyhu/ wkh srsxodwlrq lv qrw ￿{hg lqwr wzr jurxsv exw udwkhu/ dv kdv
ehhq glvfxvvhg lq vhfwlrq 5 deryh/ wd{ dyrlgdqfh lv d ixqfwlrq ri wkh wd{ udwh wkh
suhihuhqfh rughulqj zloo qrw eh lqyduldqw ri wkh wd{ udwh1 Qrz z￿ lv d ixqfwlrq
ri wkh wd{ udwh dv lv ghvfulehg deryh lq vhfwlrq 514/ htxdwlrq +5, dqg lqglylgxdo
suhihuhqfhv mxps dv dq lqglylgxdo jrhv iurp sd|lqj ixoo wd{hv wr fkrrvlqj wd{
dyrlgdqfh1 Dq lqglylgxdo pd| dw rqh srlqw/ zkhq kh sd|v ixoo wd{hv/ suhihu d
orzhu wd{ udwh wr d kljkhu rqh/ zkloh lq d frpsdulvrq ehwzhhq wklv dqg dq hyhq
kljkhu wd{ udwh kh pd| suhihu wkh odwwhu vlqfh kh lq wkdw vlwxdwlrq kdv lqyhvwhg
lq wd{ dyrlgdqfh dqg sd|v d orzhu pdujlqdo wd{1 Lq vxfk d vlwxdwlrq d pdmrulw|
yrwlqj htxloleuld qhhg qrw h{lvw vlqfh suhihuhqfhv duh qhlwkhu vlqjoh0shdnhg qru
vlqjoh0furvvlqj dqg khqfh qrqh ri wkh phgldq yrwhu wkhruhpv dssolhv1 Zh fdq/
krzhyhu/ vshfli| zkhq d pdmrulw| yrwlqj htxloleulxp h{lvwv dqg lq fdvhv zkhq
lw pd| h{lvw jlyh vrph fkdudfwhulvwlfv ri wkh rxwfrph dqg ri wkh ghflvlyh yrwhu1
Wklv lv grqh lq wkh wzr iroorzlqj sursrvlwlrqv>
Sursrvlwlrq 5 Li wd{ dyrlgdqfh lv d ixqfwlrq ri wkh wd{ udwh wkh suhihuhqfh
rughulqj lv qrw lqyduldqw ryhu wd{ vfkhgxohv1 D pdmrulw| yrwlqj htxloleulxp vwloo
h{lvwv li ￿z￿ Az p ;w= Lq wklv vlwxdwlrq wkh phgldq lqfrph hduqhu lv wkh ghflvlyh
yrwhu1
Surri1 Frpsduh d wd{ udwh/ w> wr dqrwkhu wd{ udwh/ w3> dqg ohw w eh wkh
suhihuuhg wd{ udwh ri wkh phgldq lqfrph hduqhu1 Wkhq li w3 ?w >wlv dovr suhihuuhg
46e| hyhu|rqh zlwk zdjh zl ?z p e| htxdwlrq +48,1 Li w3 Awhyhu|rqh zlwk zdjh
zm Az p suhihuv w vlqfh wkh| hlwkhu sd| wd{hv dqg wkhq/ e| htxdwlrq +48,/ suhihu
w> ru wkh| dyrlg wd{hv/ exw qrw hqrxjk iru wkhp wr hyhu suhihu w3 Aw >vlqfh li
￿z￿ Az p wkhq e| htxdwlrq +49, wkh PUVWD lv dozd|v odujhu wkdq wkdw ri wkh
phgldq lqfrph hduqhu1 Khqfh li wkh phgldq suhihuv w ryhu w3 Awvr grhv dq|rqh
zlwk lqfrph kljkhu wkdq wkh phgldq/ uhjdugohvv ri zkhwkhu wklv lqglylgxdo dyrlgv
wd{hv ru qrw1 Wklv phdqv wkdw wkh suhihuuhg dowhuqdwlyh ri wkh phgldq lqfrph
hduqhu/ w> ehdwv dq| rwkhu wd{ udwh/ w3> lq d sdlu0zlvh frpsdulvrq dqg khqfh wkh
phgldq lqfrph hduqhu lv ghflvlyh1￿
Sursrvlwlrq 6 Li wd{ dyrlgdqfh lv d ixqfwlrq ri wkh wd{ udwh dqg wkh suhihuhqfh
rughulqj fkdqjhv ryhu wd{ vfkhgxohv dqg ￿z￿ ?z p wkhq/ li d pdmrulw| yrwlqj
htxloleulxp h{lvwv/ wkh phgldq lqfrph hduqhu lv qrw wkh ghflvlyh yrwhu1
Vnhwfk ri Surri1 Li ￿z￿ ?z p wkhq wkhuh lv dozd|v d pdmrulw|/ e| wkh vdph
orjlf dv deryh/ wkdw suhihuv d wd{ udwh zklfk lv kljkhu wkdq wkh phgldq lqfrph
hduqhuv suhihuuhg wd{ udwh w= Wklv pdmrulw| frqvlvwv ri hyhu|rqh zlwk zdjhv ehorz
wkh phgldq dqg wkh wd{ dyrlghuv zlwk zdjhv vxfk wkdw ￿zm ?z p>zm Az ￿=￿
Fruroodu| 7 Li ￿z￿ ?z p> dqg d pdmrulw| yrwlqj htxloleulxp h{lvwv/ wkhq wkh
htxloleulxp wd{ udwh zloo eh kljkhu wkdq wkdw suhihuuhg e| wkh phgldq lqfrph
hduqhu1
Zh fdq dovr qrwh wkdw li wkh wudqvihu ixqfwlrq rqo| kdv rqh pd{lpxp iru wkh
ghflvlyh yrwhu+v, wklv htxloleulxp lv wkh xqltxh pdmrulw| yrwlqj htxloleulxp1
Kdylqj hvwdeolvkhg wkh ydulhw| ri suhihuhqfh rughulqjv zh fdq qrz pryh rq
wr vwxg|lqj wkh srolwlfdo htxloleuld lq wkh prgho1 Lqglylgxdov yrwh ryhu wd{hv
dqg wkh ghflvlrq zloo eh wdnhq e| pdmrulw| uxoh1 D srolwlfdo htxloleulxp fdq
wkhq eh gh￿qhg dv d wd{ udwh/ w￿/ zlwk d fruuhvsrqglqj srsxodwlrq vkduh {￿ri
ixoo wd{ sd|huv dqg d edodqfhg exgjhw/ vxfk wkdw qr rwkhu wd{ udwh lv suhihuuhg
e| d pdmrulw| ri wkh srsxodwlrq1 Wkdw lv d srlqw rq v￿ @+ w>u>{￿, vxfk wkdw qr
rwkhu srlqw lv suhihuuhg e| d pdmrulw| ri wkh srsxodwlrq1
Dv zloo eh vkrzq wkh srolwlfdo htxloleuld zloo ghshqg rq wkh wlplqj ri wkh
wd{ dyrlgdqfh ghflvlrqv1 Iluvw zh orrn dw wkh fdvh zkhq lqyhvwphqwv lq wd{
dyrlgdqfh duh pdgh ehiruh wkh hohfwlrq/ wkhq dw wkh fdvh zkhq wd{ dyrlgdqfh
ghflvlrqv fdq eh wdnhq diwhu wkh hohfwlrq1
614 Lqyhvwphqwv lq Wd{ Dyrlgdqfh Ehiruh wkh Hohfwlrq
Li wkh ghflvlrq wr lqyhvw lq wd{ dyrlgdqfh pxvw eh wdnhq ehiruh wkh hohfwlrq/ d
wlph lqfrqvlvwhqf| sureohp hphujhv1 Wkh vlwxdwlrq lv vlplodu wr wkdw ri wkh vr
fdoohg ￿fdslwdo ohy| sureohp￿ lq wkh fdslwdo wd{dwlrq olwhudwxuh/ dqg lv gxh wr wkh
idfw wkdw wkh vlwxdwlrq h{ dqwh lv gl￿huhqw iurp wkdw h{ srvw155 Wkh lqglylgxdo
pd{lpl}dwlrq sureohp lv jlyhq e| htxdwlrq +45, deryh dqg wkh wudqvihu ixqfwlrq
55Vhh h1j1 Shuvvrq dqg Wdehoolql +4<<3, dqg +4<<7, iru d glvfxvvlrq ri wkh fdslwdo ohy|
sureohp1
47lv jlyhq e| htxdwlrq +<,1 Krzhyhu/ lq d vlwxdwlrq zkhuh lqyhvwphqwv lq wd{
dyrlgdqfh kdyh ehhq pdgh dqg fdq qrw eh fkdqjhg/ wkh h{ srvw hodvwlflw| ri wkh










gw @3 > vr u3+w, lv h{ srvw
u3+w,@￿￿.+4￿ ￿,￿+z￿,
zlwk d ￿{hg z￿= Wkh h{suhvvlrq u+w, lv khqfh d frqvwdqw dqg wkh wudqvihu ixqfwlrq
lv frqvhtxhqwo|/ h{ srvw/ d olqh1 Vlqfh hyhu| lqglylgxdov* wd{ sd|phqw lv dovr jlyhq
e| d olqh wkh rqo| srvvleoh htxloleuld duh wkh fruqhu vroxwlrqv/ w @3dqg w @4 =
Lw lv hdv| wr vhh wkdw w @3qhyhu lv dq htxloleulxp vlqfh e| dvvxpswlrq D5
wkh phgldq lqfrph hduqhu/ zkr zrxog eh ghflvlyh li w @3 > kdv d orzhu wkdq
phdq lqfrph dqg khqfh jdlqv iurp uhglvwulexwlrq dw w @4 1 Vr wkh rqo| srvvleoh
htxloleulxp fdqglgdwh lv w @4 = Wklv lv lqghhg dq htxloleulxp li wkh wd{ sd|phqw
ri wkh ghflvlyh yrwhu +wzl dqg srvvleo| ￿wzm, lv vpdoohu wkdq u+w,> iru w @4 =
Vlqfh wklv rxwfrph lv dqwlflsdwhg e| wkrvh zkr fdq frqwhpsodwh wd{ dyrlg0
dqfh/ hyhu|rqh zlwk zdjh z ￿ D
+4￿￿, fkrrvh wr lqyhvw lq dyrlgdqfh1 Dv zh fdq
vhh lq ￿jxuh 8 wklv ohdgv wr d sureohp iru wkh ghflvlyh yrwhu zkr zrxog lq idfw
suhihu d orzhu wd{ udwh1 Li wkhuh lv qr zd| ri frpplwwlqj wr wkh lqwhulru wd{ udwh/
krzhyhu/ wkh rxwfrph ohdgv wr pruh wd{ dyrlgdqfh wkdq zkdw zrxog eh rswlpdo
iurp wkh srlqw ri ylhz ri wkh ghflvlyh yrwhu1
Wklv ohdgv wr wkh iroorzlqj sursrvlwlrq=
Sursrvlwlrq 8 Li ghflvlrqv derxw wd{ dyrlgdqfh pxvw eh pdgh ehiruh wkh hohf0
wlrq/ dqg fdq qrw eh fkdqjhg diwhuzdugv/ wkh rqo| srvvleoh srolwlfdo htxloleulxp
lv wkh edodqfhg vwdwh v￿ @+ 4 >u+4,>{ plq,=
Wkh srvvleoh srolwlfdo frdolwlrqv iroorz iurp Sursrvlwlrq 4 dqg fdq/ ghshqg0
lqj rq ￿> frqvlvw ri ulfkhu lqglylgxdov/ zkr dyrlg wd{/ lq frdolwlrq zlwk wkh
srruhvw sduw ri wkh srsxodwlrq/ dv zhoo dv ri d pruh ￿wudglwlrqdo￿ frdolwlrq ri
wkh ulfkhu kdoi ri wkh srsxodwlrq ehlqj srolwlfdoo| rssrvhg wr wkh srruhu kdoi156
Lq whupv ri glvsrvdeoh lqfrph wkh uhvxow lv wkdw diwhu wd{ lqfrph lv frpsohwho|
htxdol}hg iru wkh ixoo wd{ sd|huv zkloh wkrvh zkr dyrlg wd{ kdyh pruh1
56Wkhruhwlfdoo| wkhuh lv d srvvlelolw| wkdw qr srolwlfdo htxloleulxp h{lvwv1 Li oE|￿ zkhq | ’￿
lv vpdoohu wkdq wkh wd{ sd|phqw ri wkh ghflvlyh yrwhu zkhq | ’￿ / wkhq wkhuh lv qr htxloleulxp1
Wkh ghflvlyh yrwhu zrxog wkhq lpsohphqw | ’f 1 Rqh vkrxog qrwh wkdw wklv grhv qrw frqwudglfw
Sursrvlwlrq 4 vlqfh d pdmrulw| yrwlqj htxloleulxp h{lvwv lq wklv vlwxdwlrq +| ’f ,1 Wklv lv qrw
d srolwlfdo htxloleulxp/ krzhyhu/ vlqfh wkh dprxqw ri wd{ dyrlgdqfh lv kljkhu wkdq zkdw lw





wmt ( = dwjt)
r(t) ex ante
r’(t) = wm 
Iljxuh 8= Wkh h{ dqwh wudqvihu ixqfwlrq dqg wkh rqo| htxloleulxp h{ srvw wudqvihu
ixqfwlrq1
615 Wd{ Dyrlgdqfh Diwhu wkh Hohfwlrq
Lq wkh pruh uhdolvwlf fdvh wkdw lqglylgxdov fdq lqyhvw lq wd{ dyrlgdqfh diwhu wkh
hohfwlrq/ wkh wd{ edvh lv qr orqjhu lqhodvwlf h{ srvw1 Dw wkh wlph ri hohfwlrq hyhu|0
rqh nqrzv wkdw hyhu| wd{ udwh ohdgv wr d fruuhvsrqglqj dprxqw ri wd{ dyrlgdqfh
zklfk d￿hfwv wkh vl}h ri wkh wudqvihu1 Lqglylgxdov vroyh wkh pd{lpl}dwlrq sure0
ohp jlyhq lq vhfwlrq 5171 deryh/ dqg/ ghshqglqj rq krz h!flhqw wd{ dyrlgdqfh
lv/ zh fdq glvwlqjxlvk wzr fdvhv zlwk gl￿huhqw htxloleulxp rxwfrphv zklfk zloo
eh vwxglhg vhsdudwho|1
61514 Wudglwlrqdo Frq lfw> wkh Ulfk yv1 wkh Srru
Lq d fdvh zkhuh wkh wd{ dyrlgdqfh whfkqrorj| lv vx!flhqwo| lqh!flhqw/ lqglylg0
xdov zkr lqyhvw lq wd{ dyrlgdqfh vwloo kdyh d odujhu wd{ edvh wkdq wkh phgldq
lqfrph hduqhu/ dqg frqvhtxhqwo| sd| pruh lq wd{hv/ d pdmrulw| yrwlqj htxlole0
ulxp h{lvwv e| Sursrvlwlrq 51 Wkh ghflvlyh yrwhu lv wkh phgldq lqfrph hduqhu
zkr vroyhv wkh pd{lpl}dwlrq sureohp jlyhq lq vhfwlrq 5171 deryh157 Wkh htxl0
oleulxp wd{ udwh lv qrz dq| wd{ udwh wkdw vroyhv wkh rswlpl}dwlrq sureohp iru wkh
phgldq lqfrph hduqhu1 Wkh lpsohphqwdwlrq ri wklv wd{ udwh zloo jlyh d fhuwdlq/
fdofxodwhg/ dprxqw ri wd{ dyrlgdqfh dqg d shu fdslwd wudqvihu/ wkdw lv d srlqw
rq wkh v0ixqfwlrq/ v @+ w>u>{￿,= Rqh vkrxog qrwh wkdw wkhuh lv qr uhdvrq iru
wkh rswlpdo wd{ wr eh rqh hyhq wkrxjk hyhu|rqh deryh wkh phgldq dozd|v kdv
d odujhu wd{ edvh wkdq klp1 Wkh wd{ edvh wkdw pd{lpl}hv wkh ghflvlyh yrwhu*v
glvsrvdeoh lqfrph lv wkh rswlpdo wudgh0r￿ ehwzhhq wd{ wkh ulfk pruh dqg fdxv0
57E| dvvxpswlrq D4 zh kdyh wkdw wkh phgldq lqfrph hduqhu lv qrw d wd{ dyrlghu vr wkh






r’(t) = wm 
t*m
Iljxuh 9= Wkh pdmrulw| yrwlqj htxloleulxp wd{ udwh zkhq wkh phgldq lqfrph
hduqhu lv ghflvlyh1
lqj pruh dyrlgdqfh1 Wkh vroxwlrq wr wkh rswlpl}dwlrq sureohp lv looxvwudwhg lq
￿jxuh 91
Zh fdq pdnh wkh iroorzlqj sursrvlwlrq=
Sursrvlwlrq 9 Li wkh wd{ dyrlgdqfh whfkqrorj| lv vxfk wkdw ￿z￿ Az p ;w> d
pdmrulw| yrwlqj htxloleulxp h{lvwv dqg wkh phgldq lqfrph hduqhu lv wkh ghflvlyh




Surri = Wklv iroorzv vwudljkw iurp Sursrvlwlrq 51￿
Lq wklv vlwxdwlrq hyhu|rqh zlwk kljkhu lqfrph wkdq wkh phgldq zrxog suhihu
d orzhu wd{ udwh zkloh hyhu|rqh zlwk d orzhu lqfrph suhihuv d kljkhu wd{ udwh1
Lq whupv ri srolwlfdo frdolwlrqv wklv vlwxdwlrq fdq wkhuhiruh eh fkdudfwhul}hg dv
rqh zkhuh doo ￿wkh ulfk￿ zrxog suhihu orzhu wd{hv dqg ohvv uhglvwulexwlrq/ zkloh
doo ￿wkh srru￿ zrxog suhihu kljkhu wd{hv dqg pruh uhglvwulexwlrq1
61515 Frdolwlrqv Ehwzhhq wkh Ulfk dqg wkh Srru
Lq wkh fdvh wkdw wkh wd{ dyrlgdqfh whfkqrorj| lv vx!flhqwo| h￿hfwlyh +orz hqrxjk
￿, dq lqglylgxdo zkr lqyhvwv lq wd{ dyrlgdqfh pd| jhw d wd{ edvh zklfk lv orzhu
wkdq wkdw ri wkh phgldq lqfrph hduqhu1 Lq vxfk d fdvh wkh phgldq lqfrph
hduqhu*v suhihuhqfhv zloo qr orqjhu ghwhuplqh wkh wd{ udwh1 Lqvwhdg wklv lv ghwhu0
plqhg e| d ￿slyrwdo sdlu￿ ri rqh lqglylgxdo zlwk orzhu lqfrph wkdq wkh phgldq
dqg rqh wd{ dyrlghu zlwk kljkhu lqfrph/ ru/ lq wkh fdvh zkhq wd{ dyrlgdqfh lv
frpsohwh +￿ @3 , > dq lqglylgxdo zlwk orzhu wkdq phgldq lqfrph1 D pdmrulw|
yrwlqj htxloleulxp pd| dovr idlo wr h{lvw1 Li lw h{lvw/ krzhyhu/ lw zloo eh rqh
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Iljxuh := Suhihuhqfhv mxps wr wr ehlqj lq idyrxu ri d kljkhu wd{ wkdq wkdw
suhihuhg e| wkh phgldq lqfrph hduqhu1
phgldq yrwhu*v suhihuhqfhv zrxog suhydlo158
Sursrvlwlrq : Li wkh wd{ dyrlgdqfh whfkqrorj| lv vxfk wkdw ￿z￿ ?z p wkh
phgldq lqfrph hduqhu lv qrw wkh ghflvlyh yrwhu1 Li d srolwlfdo htxloleulxp h{lvwv
lw lv d srlqw v￿ @+ w3>u3>{ ￿3, zkhuh w3 Aw p
￿
>u 3 Au +wp
￿
, dqg {￿3 ?{ ￿+wp
￿
,=
Surri= Wkh ￿uvw sduw iroorzv iurp Sursrvlwlrq 6/ dqg wkh vhfrqg sduw iurp
Fruroodu| 7 dqg wkh idfw wkdw {￿ lv vwulfwo| ghfuhdvlqj lq wkh wd{ udwh1￿
Orrnlqj dw ￿jxuh : zh fdq vhh wkh gl￿huhqfhv wr wkh phgldq lqfrph hduqhu*v
suhihuuhg wd{ udwh1 Uhdol}lqj wkdw kdoi wkh srsxodwlrq idyruv d wd{ kljkhu wkdq/
ru htxdo wr/ wkdw idyruhg e| wkh phgldq lqfrph hduqhu d qxpehu ri lqglylgxdov/
zlwk kljk lqfrphv/ uhdol}h wkdw wkh| zloo fkrrvh wr lqyhvw lq wd{ dyrlgdqfh1
Jlyhq wkdw/ wkhlu suhihuhqfhv vkliw wr ehlqj lq idyru ri d wd{ udwh kljkhu wkdq wkh
phgldq lqfrph hduqhu*v suhihuuhg wd{ udwh1 Qrz d pdmrulw| ri wkh srsxodwlrq
idyruv d wd{ udwh kljkhu wkdq wp￿
= Dq htxloleulxp/ li lw h{lvwv/ lv wkhuhiruh d wd{
udwh w3 Aw p￿
> suhihuuhg e| d ghflvlyh0yrwhu0frdolwlrq frqvlvwlqj ri rqh lqglylgxdo
zlwk orzhu lqfrph wkdq wkh phgldq +gyo, dqg rqh zlwk kljkhu +gyk,1
7 Qxphulfdo h{dpsoh
Lq wkh iroorzlqj wkh wkhruhwlfdo dujxphqwv iurp wkh suhylrxv vhfwlrqv duh looxv0
wudwhg xvlqj d qxphulfdo h{dpsoh1 D srsxodwlrq ri lqglylgxdov l 5i 3>4>5>===>433j
duh dvvxphg wr kdyh h{rjhqrxvo| jlyhq zdjhv lq wkh lqwhuydo ^3>4333‘159 Wkh ph0
gldq lqfrph lv 488 zklfk lv orzhu wkdq wkh phdq lqfrph/ 4<;= Hyhq wkrxjk wkh
58Wkhvh uhvxowv duh vlplodu wr wkrvh lq Hssoh dqg Urpdqr +4<<9d, dqg +4<<9e,1
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Iljxuh ;= Wkh f1g1i1 dqg s1g1i ri wkh qxphulfdo h{dpsoh1
h{dpsoh lv k|srwkhwlfdo wkh glvwulexwlrqv kdyh ehhq fkrvhq vr dv wr dssur{lpdwh
dq dfwxdo zdjh glvwulexwlrq1 Wkh fxpxodwlyh suredelolw| glvwulexwlrq ixqfwlrq
dqg wkh fruuhvsrqglqj ghqvlw| ixqfwlrq duh vkrzq lq ￿jxuh ;1
Wkh wd{ dyrlgdqfh whfkqrorj| lv/ dv suhvhqwhg lq vhfwlrq 514/ jryhuqhg e| wzr
sdudphwhuv/ wkh frvw/ D> dqg wkh h!flhqf|/ ￿= Fkdqjlqj wkhvh sdudphwhuv d￿hfwv
wkhsrsxodwlrq vkduh ri ixoo wd{ sd|huv/ {￿/ dvlv vkrzq lq ￿jxuh </ lq vlplodu zd|v1
Lq wkh ohiw judsk wkh dyrlgdqfh frvw lv ￿{hg wr D @4 9 3 = Wkh iudfwlrq ri wd{hv
sdlg li rqh lqyhvwv lq wd{ dyrlgdqfh lv wkhq ydulhg1 Wkh h￿hfw lv/ qrw vxusulvlqjo|/
wkdw wkh vkduh ri ixoo wd{ sd|huv> ghfuhdvhv idvwhu wkh pruh h￿hfwlyh wkh dyrlgdqfh
whfkqrorj| lv1 Lq wkh judsk wr wkh uljkw wkh h!flhqf| kdv ehhq ￿{hg wr ￿ @3 =8
zlwk d vlplodu h￿hfw rq dyrlgdqfh1 Dv wkh frvw ghfuhdvhv vr grhv wkh vkduh ri ixoo
wd{ sd|huv1 Iurp d uhglvwulexwlyh srlqw ri ylhz/ krzhyhu/ wkh wzr sdudphwhuv
kdyh gl￿huhqw fkdudfwhulvwlfv1 D yhu| h!flhqw exw h{shqvlyh whfkqrorj|/ +orz
￿ dqg kljk D,/ zrxog ehqh￿w wkh yhu| ulfkhvw sduw ri wkh srsxodwlrq/ zkloh d
whfkqrorj| wkdw lv qrw wrr h{shqvlyh/ exw rq wkh rwkhu kdqg grhv qrw orzhu wkh
wd{ yhu| pxfk/ zrxog qrw fuhdwh dv odujh dq dgydqwdjh iru wkh prvw d"xhqw1
Wkh| zrxog/ hyhq diwhu lqyhvwlqj lq wd{ dyrlgdqfh/ uhpdlq odujh frqwulexwruv wr
wkh uhglvwulexwlyh v|vwhp1
Wkh fkdqjhv lq wkh srsxodwlrq vkduh ri ixoo wd{ sd|huv/ {￿/ dqg wkh h￿hfwlyh0
qhvv ri wkh wd{ dyrlgdqfh whfkqrorj| dovr h￿hfwv wkh shu fdslwd wudqvihu ixqfwlrq
u+w,@w^￿￿.+4￿￿,￿+z￿,‘=
Dv zdv glvfxvvhg lq vhfwlrq 516 wkh h￿hfw iurp d wd{ lqfuhdvh lv/ rq wkh rqh
kdqg/ wkdw udlvlqj w kdv dq reylrxv srvlwlyh h￿hfw rq u+w, exw rq wkh rwkhu kdqg
wkh frpsrvlwlrq ri wkh wd{ edvh vkliwv wr frqwdlqlqj pruh wd{ dyrlghuv1 Wklv
dyrlgdqfh h￿hfw pd| zhoo grplqdwh wkh srvlwlyh h￿hfw/ pdnlqj u3+w, qhjdwlyh1 Lq



























Iljxuh <= Wkh h￿hfw rq {￿ iurp fkdqjlqj wkh h!flhqf| ri wd{ dyrlgdqfh/ nhhslqj
wkh frvw ￿{hg +ohiw,/ dqg iurp fkdqjlqj wkh frvw/ nhhslqj h!flhqf| ￿{hg +uljkw,1
kroglqj wkh frvw frqvwdqw/ +D @ 493,1 Wkh judsk dovr vkrzv wkdw wkh wudqvihu
ixqfwlrq lv olnho| wr eh frqfdyh iru wkh nlqg ri zdjh glvwulexwlrq wkdw kdv ehhq
xvhg khuh1
714 Srolwlfdo Htxloleuld
Iroorzlqj wkh vwuxfwxuh ri vhfwlrq 6 zh orrn dw wkuhh gl￿huhqw fdvhv1 Iluvw
wkh vlwxdwlrq zkhuh wkh dyrlgdqfh ghflvlrq kdv wr eh pdgh ehiruh wkh hohfwlrq
dqg fdq qrw eh fkdqjhg diwhuzdugv dqg wkhq wzr gl￿huhqw vlwxdwlrqv zkhq wd{
dyrlgdqfh lv ghwhuplqhg diwhu wkh hohfwlrq1 Rqh zkhuh wkh phgldq lqfrph hduqhu
lv wkh ghflvlyh yrwhu dqg rqh zkhuh d frdolwlrq ri ulfk dqg srru yrwhuv irup1
Odvwo| d frpsdulvrq ri wkhvh wkuhh fdvhv zloo eh pdgh orrnlqj dw wkh wd{ ohyhov
dqg wkh uhglvwulexwlyh frqvhtxhqfhv1
71414 Wd{ Dyrlgdqfh Ehiruh wkh Hohfwlrq
Lq wklv vlwxdwlrq wkh fuhglelolw| sureohp glvfxvvhg lq vhfwlrq 614 hphujhv1 Wkh
ghflvlyh yrwhu kdv d orzhu zdjh wkdq wkh dyhudjh dqg zloo khqfh/ h{ srvw/ fkrrvh
wr vhw wkh wd{ wr rqh jlyhq wkdw wkh wd{ edvh lv wrwdoo| lqhodvwlf1 Dqwlflsdwlqj wklv
hyhu|rqh zkr fdq zrxog lqyhvw lq wd{ dyrlgdqfh1 Dvvxplqj wkdw wkh dyrlgdqfh
frvw lv D @ 493 dqg wkdw wkh h!flhqf| lv ￿ @3 =8> wkhq dw wkh rqo| fuhgleoh wd{
udwh/ w @4 > wkh fulwlfdo zdjh/ e| htxdwlrq +5,/ lv z￿ @ 653= Lq wklv vlwxdwlrq/ dv
fdq eh vhhq lq ￿jxuh / wkh diwhu wd{ dqg wudqvihu lqfrph zrxog eh frpsohwho|
htxdol}hg iru hyhu|rqh zkr grhv qrw dyrlg wd{/ zkloh wkh wd{ dyrlghuv duh qrw
ixoo| h￿hfwhg1
Wr vkrz wkh uhglvwulexwlyh h￿hfw ri d wd{ dyrlgdqfh whfkqrorj| zklfk lv pruh














Iljxuh 43= Wkh wudqvihu ixqfwlrq iru gl￿huhqw ydoxhv ri ￿=
￿ @3 > wkdw lv wd{ dyrlgdqfh lv frpsohwh1 Wkh fulwlfdo zdjh uhpdlqv z￿ @6 5 3exw
wkrvh zkr kdyh pdgh wkh lqyhvwphqw qrz sd| qrwklqj lq wd{ rqo| wkh dyrlgdqfh
frvw 6531 Dv lv vkrzq lq ￿jxuh / wkh glvsrvdeoh lqfrph lv djdlq htxdol}hg
iru wkh qrq0wd{ dyrlghuv exw qrz dw d orzhu ohyho vlqfh wkh wd{ dyrlghuv qr
orqjhu frqwulexwh dw doo wr wkh wudqvihu v|vwhp1 Wkrvh zkr kdyh lqyhvwhg lq wd{
dyrlgdqfh kdyh pruh ohiw wkdq lq wkh suhylrxv fdvh1
715 Wd{ Dyrlgdqfh Diwhu wkh Hohfwlrq
Zkhq lqyhvwphqwv lq wd{ dyrlgdqfh fdq eh pdgh diwhu wkh wd{ udwh kdv ehhq
ghwhuplqhg wkh wd{ edvh lv qr orqjhu/ h{ srvw/ lqhodvwlf dqg dv d frqvhtxhqfh wkh
ghflvlyh yrwhu qrz kdv wr edodqfh wkh srvlwlyh wudqvihu h￿hfwv ri kljkhu wd{hv
zlwk wkh lqfuhdvh lq klv sulydwh wd{ exughq dqg wkh lqfuhdvh lq wd{ dyrlgdqfh
wkdw iroorzv iurp lw1 Dv zdv glvfxvvhg lq vhfwlrq 615 d glvwlqfwlrq fdq eh pdgh
ehwzhhq vlwxdwlrqv zkhq wkh phgldq lqfrph hduqhu lv wkh ghflvlyh yrwhu dqg vlw0
xdwlrqv zkhq d frdolwlrq zloo irup ehwzhhq dyrlghuv dqg wkrvh zlwk orzhu lqfrph
wkdq wkh phgldq1 Lq wkh iroorzlqj wkhvh wzr srvvlelolwlhv zloo eh h{hpsol￿hg1
Frqvlghu ￿uvw d fdvh zkhq ￿ @3 =8 dqg wkh dyrlgdqfh frvw lv D @4 9 3 > zklfk
lv wkh vdph sdudphwul}dwlrq wkdw zdv xvhg lq wkh ￿uvw fdvh deryh zkhq dyrlgdqfh
ghflvlrqv kdg wr eh pdgh ehiruh wkh hohfwlrq1 Lw iroorzv iurp sursrvlwlrq 9 wkdw/
vlqfh ￿z￿ Az p +khuh 3=8￿653 A 488,/ d pdmrulw| yrwlqj htxloleulxp h{lvwv dqg
wkh phgldq lqfrph hduqhu lv wkh ghflvlyh yrwhu1 Lw wxuqv rxw wkdw wkh phgldq
lqfrph hduqhu lq wklv fdvh pd{lpl}hv klv lqfrph zkhq wkh wd{ udwh lv 86( dqg
khqfh wklv wd{ udwh zrxog eh lpsohphqwhg xqghu pdmrulw| uxoh1 Wkh ￿uvw rughu
frqglwlrq lv vkrzq lq ￿jxuh 451 Hyhu|rqh zlwk orzhu lqfrph zrxog suhihu d











Iljxuh 44= Wkh uhglvwulexwlyh rxwfrph iru gl￿huhqw dyrlgdqfh whfkqrorjlhv zkhq
wkh wd{ dyrlgdqfh lqyhvwphqw kdv wr eh pdgh ehiruh wkh hohfwlrq1
dqg lq wkdw vhqvh wkh srolwlfdo frq lfw fdq eh fkdudfwhul}hg dv rqh zkhuh wkh
ulfk rssrvh wkh srru1
Qrz lqvwhdg dvvxph wkdw wkh wd{ dyrlgdqfh whfkqrorj| lv vxfk wkdw wkh
lqyhvwphqw D @ 493 ohdgv wr frpsohwh wd{ dyrlgdqfh/ l1h1 ￿ @3 1 E| sursrvlwlrq
: wkh phgldq lqfrph hduqhu lv qr orqjhu ghflvlyh1 Lqvwhdg wkh ghflvlyh yrwhu/ li
d pdmrulw| yrwlqj htxloleulxp h{lvwv/ zloo eh dq lqglylgxdo zlwk orzhu lqfrph
wkdq wkh phgldq1 Wkrvh zkr kdyh lqyhvwhg lq wd{ dyrlgdqfh qr orqjhu sd|v
dq| wd{ dqg khqfh wkhlu remhfwlyh ehfrphv wr pd{lpl}h wkh wudqvihu sd|phqw1
Wkhlu srolwlfdo suhihuhqfh qrz ehfrphv doljqhg zlwk dq lqglylgxdo zkr kdv d
}hur lqfrph dqg iru wklv uhdvrq sd|v qr wd{1 D qxphulfdo vroxwlrq fdq eh irxqg
wkurxjk lwhudwlrq dqg lq wklv fdvh lw wxuqv rxw wkdw wkh ghflvlyh yrwhu zloo eh
wkh lqglylgxdo zlwk lqfrph z @4 8 5?z p @ 488 zkr/ zlwk wkh vxssruw ri
wkh ulfkhvw lqglylgxdov/ ￿qgv d pdmrulw| iru klv suhihuuhg wd{ udwh 5< (1 Wklv lv
kljkhu wkdq wkh phgldq yrwhu*v suhihuuhg wd{/ 59(1 Srolwlfdoo| d frdolwlrq qrz
kdv ehhq iruphg ehwzhhq wkh yhu| ulfkhvw dqg wkh srruhu sduw ri wkh srsxodwlrq1
Iljxuh 46 vkrzv wkh ￿uvw rughu frqglwlrqv lq wklv fdvh1
Wkh uhglvwulexwlyh frqvhtxhqfhv duh txlwh gl￿huhqw lq wkhvh fdvhv frpsduhg
zlwk wkh vlwxdwlrq zkhq wkh dyrlgdqfh ghflvlrq kdg wr eh luuhyhuvleo| wdnhq
ehiruh wkh hohfwlrq1 Wdnlqj wkh dyrlgdqfh h￿hfw lqwr dffrxqw wkh ghflvlyh yrwhu
qrz fkrrvhv dq lqwhulru wd{ udwh vxfk wkdw dq rswlpdo edodqfh lv vwuxfn ehwzhhq
lqfuhdvhg sd|phqwv iurp wkrvh zkr gr qrw dyrlg wd{ dqg wkh lqfuhdvhg wd{
dyrlgdqfh1 Lq vxfk dq h{wuhph fdvh dv wkdw zkhq wkh wd{ edvh lv frpsohwho| orvw
lq fdvh ri dyrlgdqfh wklv wd{ udwh fdq eh uhodwlyho| orz/ dv lq wkh odwwhu h{dpsoh1















r’(t) = tw m
tm*= 53%
Iljxuh 45= Wkh ghflvlyh yrwhu*v ￿uvw rughu frqglwlrq jlylqj wkh htxloleulxp wd{














tm* tdv* = 29%
Iljxuh 46= Wkh ghflvlyh yrwhu*v ￿uvw rughu frqglwlrq jlylqj wkh htxloleulxp wd{










Iljxuh 47= Wkh uhglvwulexwlyh rxwfrph iru gl￿huhqw dyrlgdqfh whfkqrorjlhv zkhq
wkh wd{ dyrlgdqfh lqyhvwphqw lv pdgh diwhu wkh hohfwlrq1
dv lq wkrvh zlwk dyrlgdqfh ghflvlrqv ehiruh wkh hohfwlrq lv wkdw wkh ulfkhvw sduw ri
wkh srsxodwlrq sd| d ghfuhdvlqj iudfwlrq ri wkhlu zdjh lq wd{1 Iljxuh 47 ghslfwv
wkh diwhu0wd{0dqg0wudqvihu lqfrphv lq wkh vdph zd| dv lv vkrzq lq ￿jxuh 441
Vlqfh wkh htxloleulxp wd{ udwh lv lqwhulru lq wkhvh fdvhv/ wkhuh lv qrw frpsohwh
htxdol}dwlrq ri zdjhv1 Wkhuh lv uhglvwulexwlrq wkrxjk/ exw djdlq zlwk wkh ihdwxuh
wkdw wkh yhu| ulfkhvw sduw djdlq pdqdjh wr sd| ohvv lq ￿dfwxdo wd{hv￿ wkdq wkh
r!fldo wd{ udwh/ wkurxjk wkhlu lqyhvwphqwv lq wd{ dyrlgdqfh1
8 Frqfoxglqj Uhpdunv
Wdnlqj d vwhs edfn iurp wkh ghwdlov ri wkh prgho vrph uhvxowv vwdqg rxw dv ehlqj
sduwlfxoduo| lqwhuhvwlqj1 Wkhvh uhvxowv dovr srlqw rxw duhdv ri lqwhuhvw iru ixwxuh
vwxglhv1
Iluvw/ lq whupv ri uhglvwulexwlyh rxwfrph/ wd{ dyrlgdqfh kdv ehhq vkrzq wr
eh txdolwdwlyho| gl￿huhqw zlwk uhvshfw wr wkh prvw d"xhqw1 Lq doo vlwxdwlrqv
vwxglhg deryh/ wkh ulfkhvw sduw ri wkh srsxodwlrq pdqdjh wr orzhu wkhlu dfwxdo
wd{ exughq wkurxjk lqyhvwlqj lq wd{ dyrlgdqfh1 Hyhq wkrxjk wkh r!fldo wd{ lv
wkh vdph sursruwlrqdo udwh/ hyhu|rqh zlwk zdjhv deryh wkh fulwlfdo ohyho zloo sd|
sursruwlrqdoo| ohvv1 Wkh vdph zrxog ri frxuvh eh wuxh li wd{hv zhuh surjuhvvlyh1
Dv vxfk/ wklv nlqg ri prgho fdq fuhdwh wkh dsshdudqfh ri uhglvwulexwlrq jrlqj
iurp wkh ulfk wr wkh srru1 Dq looxvlrq zlwk juhdw srolwlfdo lpsruwdqfh/ qrwhg
hduo| rq e| I1D Kd|hn15: Wklv frxog dovr ￿eh ylhzhg dv dq lqjhqlrxv zd| ri
5:Kd|hn*v lqvljkw lv txrwhg lq Vohpurg +4<<;, dqg dsshduhg ￿uvw lq Kd|hn +4<93,1
57uhfrqflolqj lqfrpsdwleoh srolwlfdo dpelwlrqv￿15; Rq wkh rqh kdqg wkh r!fldo
srolf| lv wr uhglvwulexwh lqfrph/ exw dw wkh vdph wlph wkh wd{ dyrlgdqfh srvvl0
elolwlhv suhyhqwv wkh wd{ v|vwhp iurp ghvwur|lqj wkh lqfhqwlyhv ri wkh ulfk1 Wklv
lq wxuq zrxog eh srwhqwldoo| lpsruwdqw iru wkh h￿hfw ri wd{hv rq jurzwk1 Ixu0
wkhupruh/ wklv dvshfw ri wkh prgho frxog khos h{sodlqlqj wkh dssduhqw sdudgr{
ri zhdowk glvwulexwlrq lq d frxqwu| olnh Vzhghq zkhuh wkh glvwulexwlrq ri zhdowk
lv dv vnhzhg dv lq wkh XV/ ghvslwh wkh idfw wkdw iru d orqj wlph wkh r!fldo wd{
vfkhph kdv dlphg dw htxdol}lqj wkh glvsrvdeoh lqfrph15< Vwxg|lqj wkh srolwlfdo
vlgh ri prghov wkdw frpelqh oderu vxsso| ghflvlrqv dqg wd{ dyrlgdqfh dovr vhhpv
olnh dq lpsruwdqw wrslf iru ixwxuh uhvhdufk163
Dqrwkhu lpsruwdqw srlqw lv wkdw lq d vlwxdwlrq zkhuh wd{ dyrlgdqfh lv srv0
vleoh/ wkh ulfk pd| hyhq idyru pruh uhglvwulexwlrq dqg kljkhu wd{hv/ gxh wr wkh
uhwurvshfwlyho| reylrxv idfw wkdw wkh| gr qrw sd| wkhp +dw ohdvw qrw lq ixoo,1
Wklv lq wxuq fuhdwhv wkh srvvlelolw| ri srolwlfdo frdolwlrqv ehwzhhq wkh ulfk dqg
wkh srru udlvlqj wd{hv dw wkh h{shqvh ri wkh plggoh lqfrph hduqhuv/ lq sduwlfx0
odu wkrvh zkr duh ￿mxvw wr srru wr eh ulfk￿1 Wklv fhuwdlqo| sxwv wkh rog wuxwk
derxw srolwlfv idyrulqj wkh phgldq +lqfrph hduqhu, lq d gl￿huhqw oljkw1 Ixuwkhu0
pruh/ frqfhuqlqj wkh h{whqvlrq ri iudqfklvh/ Wrtxhylooh*v fodlp wkdw ￿xqlyhuvdo
vx￿udjh uhdoo| grhv kdqg wkh jryhuqphqw ri vrflhw| ryhu wr wkh srru￿/ qhhgv wr
eh prgl￿hg wr jryhuqphqw ehlqj frqwuroohg e| ￿wkh srru dqg wkh yhu| ulfk￿1
5;Djhoo dqg Shuvvrq +4<<<,/ s1 5<1
5<Grphlm dqg Nohlq +4<<;,1
63H{dpsohv ri vxfk prghov duh Djhoo dqg Shuvvrq +4<<;, dqg Vohpurg +4<<;,1
58Uhihuhqfhv
Djhoo/ M1/ dqg S0D1 Hglq1 +4<<3,1 Pdujlqdo wd{hv dqg wkh dvvhw sruwirolrv ri
Vzhglvk krxvhkrogv1 Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <5=7:0971
Djhoo/ M1/ S1 Hqjoxqg dqg M1 Vøghuvwhq1 +4<<9,1 Wd{ uhirup ri wkh fhqwxu| 0
wkh Vzhglvk h{shulphqw1 Qdwlrqdo Wd{ Mrxuqdo 7<=97609971
Djhoo/ M1/ dqg P1 Shuvvrq1 +4<<;,1 Wd{ duelwudjh dqg oderu vxsso|1 Iruwk0
frplqj lq Mrxuqdo ri Sxeolf Hfrqrplfv/ QEHU Zrunlqj Sdshu Qr1 9:3;1
Doolqjkdp/ P1J1/ dqg D Vdqgpr1 +4<:5,1 Lqfrph wd{ hydvlrq= D wkhruhwlfdo
dqdo|vlv1 Mrxuqdo ri Sxeolf Hfrqrplfv 4=656066;1
Dop/ M1/ dqg V1 Zdoodfh1 +4<<:,1 Duh wkh Ulfk Gl￿huhqwB Zrunlqj Sdshu Qr1
<;047/ Xqlyhuvlw| ri Plfkljdq exvlqhvv vfkrro1 Wd{ Srolf| Uhvhdufk lqvwlwxwh1
Durqvvrq/ W1/ dqg P1 Sdoph1 +4<<8,1 D ghfdgh ri wd{ dqg ehqh￿w uhirupv lq
Vzhghq 0 h￿hfwv rq oderu vxsso|/ zhoiduh dqg lqhtxdolw|/ Wd{ Uhirup Hydoxdwlrq
Uhsruw Qr1 51 Vwrfnkrop/ Qdwlrqdo Lqvwlwxwh ri Hfrqrplf Uhvhdufk1
Dxhuedfk/ D1M1/ dqg M1 Vohpurg1 +4<<:,1 Wkh hfrqrplf h￿hfwv ri wkh Wd{
Uhirup Dfw ri 4<;91 Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 68=8;<09651
Dxhuedfk/ D1M1/ O1H1 Exupdq/ dqg M1P1 Vlhjho1 +4<<:,1 Fdslwdo Jdlqv Wd{0
dwlrq dqg Wd{ Dyrlgdqfh= Qhz Hylghqfh iurp Sdqho Gdwd1 Zrunlqj Sdshu Qr1
<;046/ Xqlyhuvlw| ri Plfkljdq exvlqhvv vfkrro1 Wd{ Srolf| Uhvhdufk lqvwlwxwh1
Dxpdq/ U1 dqg P1 Nxu}1 +4<::,1 Srzhu dqg Wd{hv1 Hfrqrphwulfd/ 78=8=446:0
44941
Eduw}ho/ \1 +4<:6,1 Sulydwh vfkrrov dqg sulydwh vfkrrov dqg sxeolf vfkrro
￿qdqfh1 Mrxuqdo ri Srolwlfdo Hfrqrp| ;4=4:704;91
Eorptxlvw/ V1/ dqg X1 Kdqvvrq0Euxvhzlw}1 +4<<3,1 Wkh h￿hfwv ri wd{hv rq
pdoh dqg ihpdoh oderu vxsso| lq Vzhghq1 Mrxuqdo ri Kxpdq Uhvrxufhv 58=64:0
68:1
Eorptxlvw/ V1 +4<<9,1 Hvwlpdwlrq phwkrgv iru pdoh oderu vxsso| ixqfwlrqv1
Krz wr wdnh dffrxqw ri qrqolqhdu wd{hv1 Mrxuqdo ri Hfrqrphwulfv :3=6;607381
Frzhoo/ I1D1 +4<<3,1 Fkhdwlqj wkh jryhuqphqw= wkh Hfrqrplfv ri Hydvlrq1
Fdpeulgjh/ PD= Wkh PLW Suhvv1
59Fxnlhupdq/ D1/ dqg D1 Phow}hu1 +4<<4,1 D Srolwlfdo Wkhru| ri Surjuhvvlyh
Lqfrph Wd{dwlrq lq Srolwlfdo Hfrqrp| e| D1 Phow}hu/ D Fxnlhupdq dqg V1I1
Ulfkdug1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1
Grphlm/ G1/ dqg S1 Nohlq1 +4<<;,1 Lqhtxdolw| ri lqfrph dqg zhdowk lq Vzh0
ghq1 Zrunlqj Sdshu/ Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv1
Hssoh/ G1/ dqg U1H1 Urpdqr1 +4<<9d,1 Sxeolf Surylvlrq ri sulydwh jrrgv1
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437=8:0;71
Hssoh/ G1/ dqg U1H1 Urpdqr1 +4<<9e,1 Hqgv djdlqvw wkh plggoh= Ghwhu0
plqlqj sxeolf vhuylfh surylvlrq zkhq wkhuh duh sulydwh dowhuqdwlyhv1 Mrxuqdo ri
Sxeolf Hfrqrplfv/ 95=5<:06581
Ihogvwhlq/ P1 +4<<8,1 Wkh h￿hfwv ri pdujlqdo wd{ udwhv rq wd{deoh lqfrph=
D sdqho vwxg| ri wkh 4<;9 Wd{ Uhirup Dfw1 Mrxuqdo ri Srolwlfdo Hfrqrp|
436+6,=88408:51
Jdqv/ M1/ dqg P1 Vpduw1 +4<<9,1 Pdmrulw| Yrwlqj zlwk Vlqjoh0Furvvlqj
Suhihuhqfhv1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 8<=54<056:1
Jrrovehh/ D1 +4<<:,1 Zkdw kdsshqv zkhq |rx wd{ wkh ulfkB Hylghqfh iurp
h{hfxwlyh frpshqvdwlrq1 QEHU Zrunlqj Sdshu Qr1 9666/ 4<<:1
Kdxvpdq/ M1D1 +4<;4,1 Oderu vxsso|/ lq Krz wd{hv d￿hfw hfrqrplf ehkdylru
hgv1 K1M1 Ddurq dqg M1D1 Shfkpdq1 Eurrnlqjv Lqvwlwxwlrq/ Zdvklqjwrq G1F1
Kd|hn/ I1D1 +4<93,1 Wkh Frqvwlwxwlrq ri Olehuw|1 Fklfdjr=Fklfdjr Xqlyhu0
vlw| Suhvv1
Olqgehfn/ D1/ Q|ehuj/ V1/ dqg M1 Z1 Zhlexoo1 +4<<<, Vrfldo qrupv dqg
hfrqrplf lqfhqwlyhv lq wkh zhoiduh vwdwh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 447=40
681
PdFxug|/ W1H1/ G1 Juhhq/ dqg K1 Sdduvfk1 +4<<3, Dvvhvvlqj hpslulfdo ds0
surdfkhv iru dqdo|}lqj wd{hv dqg oderu vxsso|1 Mrxuqdo ri Kxpdq Uhvrxufhv
58=74807<31
Phow}hu/ D1/ dqg V1 Ulfkdug1 +4<;4,1 D udwlrqdo wkhru| ri wkh vl}h ri jryhuq0
phqw1 Mrxuqdo ri Srolwlfdo Hfrqrp| ;<=<470<5:1
Plojurp/ S1 +4<<7,1 Frpsdulqj rswlpd= Gr vlpsoli|lqj dvvxpswlrqv d￿hfw
frqfoxvlrqvB Mrxuqdo ri Srolwlfdo Hfrqrp| 435=93:09481
Plojurp/ S1/ dqg F1 Vkdqqrq1 +4<<7,1 Prqrwrqh Frpsdudwlyh Vwdwlfv1
Hfrqrphwulfd/ 95=48:04;31
5:Pluuohhv/ M1 +4<:4,1 Dq h{sorudwlrq lq wkh wkhru| ri rswlpxp lqfrph wd{d0
wlrq1 Uhylhz ri Hfrqrplf Vwxglhv 6;=4:8053;1
P|ugdo/ J1 +4<:;,1 Gdjv iøu hww q|ww vndwwhv|vwhp +Wlph iru d qhz wd{
v|vwhp,/ Hnrqrplvn Ghedww :=7<608391
Shuvvrq/ W1/ dqg J1 Wdehoolql1 +4<<3,1 Pdfurhfrqrplf Srolf|/ Fuhglelolw|
dqg Srolwlfv1 Kduzrrg Dfdghplf Sxeolvkhuv1
Shuvvrq/ W1/ dqg J1 Wdehoolql1 +4<<7,1 Uhsuhvhqwdwlyh ghprfudf| dqg fdslwdo
wd{dwlrq1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 88=860:31
Ulfdugr/ G1 +4;3<04;5624<85,1 Wkh zrunv dqg fruuhvsrqghqfhv ri Gdylg
Ulfdugr/ hg1 S1 Vud￿d1 Fdpeulgjh Xqlyhuvlw| Suhvv1
Urehuwv/ N1Z1V1 +4<::,1 Yrwlqj ryhu lqfrph wd{ vfkhgxohv1 Mrxuqdo ri Sxeolf
Hfrqrplfv/ ;=65<06731
Urhphu/ M1 +4<<<,1 Zk| wkh ulfk gr qrw h{sursuldwh wkh ulfk= dq rog dujx0
phqw lq qhz jdue1 Mrxuqdo ri Sxeolf Hfrqrplfv/ :3=6<<07571
Urphu/ W1 +4<:8,1 Lqglylgxdo Zhoiduh/ Pdmrulw| Yrwlqj dqg wkh Surshuwlhv
ri d Olqhdu Lqfrph Wd{1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 7=49604;81
Urwkvwhlq/ S1 +4<<4,1 Uhsuhvhqwdwlyh yrwhu wkhruhpv1 Sxeolf Fkrlfh/ :5=4<60
5451
Vdpzlfn/ D1 +4<<:,1 Sruwirolr Uhvsrqvhv wr Wd{dwlrq= Hylghqfh iurp wkh
Hqg ri wkh Udlqerz1 Zrunlqj Sdshu Qr1 <;043/ Xqlyhuvlw| ri Plfkljdq exvlqhvv
vfkrro1 Wd{ Srolf| Uhvhdufk lqvwlwxwh1
Vfkxpshwhu/ M1 +4<<424<4;,1 Wkh fulvhv ri wkh wd{ vwdwh lq Mrvhsk D1 Vfxp0
shwhu 0 wkh hfrqrplfv dqg vrflrorj| ri fdslwdolvp/ hg1 U1 Vzhgehuj1 Sulqfhwrq
Xqlyhuvlw| Suhvv1
Vkdfnhoirug/ G1 +4<<:,1 Wkh Wd{ Hqylurqphqw Idflqj wkh Zhdowk|1 Zrunlqj
Sdshu Qr1 <;08/ Xqlyhuvlw| ri Plfkljdq exvlqhvv vfkrro1 Wd{ Srolf| Uhvhdufk
lqvwlwxwh1
Vohpurg/ M1 +4<<5,1 Gr Wd{hv PdwwhuB Ohvvrqv iurp wkh 4<;3*v1 Dphulfdq
Hfrqrplf Uhylhz/ ;5=5=583091
Vohpurg/ M1 +4<<;d,1 Wkh Hfrqrplfv ri Wd{lqj wkh Ulfk1 QEHU Zrunlqj
Sdshu Qr1 98;7/ 4<<;1
Vohpurg/ M1 +4<<;e,1 D jhqhudo prgho ri wkh ehkdylrudo uhvsrqvh wr wd{dwlrq1
QEHU Zrunlqj Sdshu Qr1 98;5/ 4<<;1
5;Vplwk/ D1 +4::924<:9,1 Dq Lqtxlu| lqwr wkh Qdwxuh dqg Fdxvhv ri wkh Zhdowk
ri Qdwlrqv1 Fdqqdq hg1 Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv1
gh Wrftxhylooh/ D1 +4<9<24;7;,1 Ghprfudf| lq Dphulfd/ hg1 M1S1 Pd|hu1
Qhz \run= Kdushu ) Urz1
Wxoorfn/ J1 +4<8<,1 Vrph Sureohpv ri Pdmrulw| Yrwlqj1 Mrxuqdo ri Srolwlfdo
Hfrqrp| 9:=8:408:<1
5<